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@ Electron-beam generating device having plurality of cold cathode elements, method of driving said 
device and Image forming apparatus applying same 



7) A method and apparatus for driving an eleo- 
Iron source in which a high-quality Image dis- 
play is presented by correcting a non-uniform 
effective cun-ent distribution caused in cold 
cathode elements by leakage cun-enL A digital 
video signal enters a shift register where a 
serial-to-parallel conversion is made for each 
line of an image based upon a shift dock signal. 
One line of the image data that has been subjec- 
ted to the serial-to-parallel conversion is latch- 
ed in a latch circuit and then applied to a 
voltage modulating circuit. The latter volt- 
age-modulates the input data and sends the 
modulated signal to a voltage/cun-ent convert- 
ing circuit. The latter converts the voltage quan- 
tity to a cument quantity, which is applied to 
each of the cold cathode elements of a display 
panel through respective column tenninals. A 
voltage V1 is applied to the selected row wire, 
and a voltage V2 (V2 s^VI) is applied to all other 
row wires, for controllig the leakage cunrenL 
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This invention relates to an electron-beam generating device having a plurality of matrix-wired cold cath- 
ode elements and to a method of driving the device. The invention further relates to an image forming appa- 
ratus to which the electron-t)eam generating device Is applied, particularly a display apparatus using phos- 
phors as Image fonnlng members. 

Two types of elements, namely thermionic cathode elements and cold cathode elements, are known as 
electron emission elements. Examples of cold cathode elements are surface-conduction electron emission 
elements, electron emission elemente of the field emission type (abbreviated to "FE" below) and metal/insu- 
lator/metal type (abbreviated to "MIM" below). 

An example of the surface-conduction electron emission element is described by M.I. Elinson. Radio. Eng. 
Electron Phys.. 10. 1290 (1965). There other examples as well, as will be described later. 

The surface-conduction electron emission element nmkes use of a phenomenon in which an electron emis- 
sion is produced in a small-area thin film, which has been fonmed on a substrate, by passing a cuirenl parallel 
to the film surface. Various examples of this surface-conduction electron emission element have been report- 
ed. One relies upon a thin film of Sn02 according to Elllnson, mentfoned above. Other examples use a thin 
film of Au IG. Dittmer Thin Solid Films", 9, 317 (1972)]; a thin film of InjOj/SnOj (M. Hartwefl and C. G. Fon- 
fitad: "IEEE Trans. E.D. Conf.", 519 (1975); and a thin film of carbon (HisashI Araki, et al: "Shinkuu" Vol 26 
No. 1. p. 22 (1983). ' ■ * 

Rg. 1 is a plan view of the element according to M. Hartwell. et aL. described above. This element con- 
struction is typical of these surface-conduction electron emission elements. As shown In Fig. 1. numeral 3001 
denotes a substrate. Numeral 3004 denotes an electrically conductive thin film comprising a metal oxide 
formed by sputtering. The conductive film 3004 is subjected to an electrification process referred to as "en- 
ergization forming", described below, whereby an electron emission portion 3005 is formed. The spacing L in 
Fig. 1 is set to 0.5 - 1 mm. and the spacing W is set to 0.1 mm. For the sake of illustrative convenience, the 
electron emission portfon 3005 is shown to have a rectangular shape at the center of the conductive film 3004. 
However, this Is merely a schematk: view and the actual position and shape of the electron emission portion 
are not represented faithfully here. 

In above-mentioned conventional surface-conduction electron emission elements, especially the element 
according to Hartwell, et al.. generally the electron emission portion 3005 is formed on the conductive thin film 
3004 by the so-called "energization forming" process before electron emisston is performed. According to the 
forming process, a constant DC voltage or a DC voltage which rises at a very slow rate on the order of 1 V/min 
is impressed across the conducthre thin film 3004 to pass a current through the film, thereby locally destroying, 
deforming or changing the property of the conductive thin film 3004 and forming the electron emission portion 
3005, the electrical resistance of which Is very high. A fissure Is produced in part of the conducth^e thin film 
3004 that has been locally destroyed, deformed or changed In property. Electrons are emitted from the vicinity 
of the fissure If a suitable voltage Is applied to the conductive thin film 3004 after energization forming. 

Known examples of the FE type are described in W.P. Dyke and W.W. Dolan. "Field emission". Advance 
in Electron Phystes, 8, 89 (1956). and in CA Spindt, "Physical properties of thin-film field emission cathodes 
with molybdenum cones". J. Appl. Phys., 47, 5248 (1976). 

Atypical example of the constructfon of an FE-type element is shown in Fig. 2, which is a sectional view 
of the element according to Spindt, et al., described above. The element includes a substrate 3010. emitter 
wiring 3011 comprising an electrically conductive material, an emitter cone 3012, an insulating layer 3013 and 
a gate electrode 3014. The element is caused to produce a field emission from the tip of the emitter cone 3012 
by applying an appropriate voltage across the emitter cone 3012 and gate electrode 3014. 

In another example of the constructton of an FE-type element, the stacked st ructure of the kind shown In 
Fig. 2 is not used. Rather, the emitter and gate electrode are arranged on the substrate In a state substantialiy 
parallel to the plane of the substrate. 

A known example of the MIM type is described by CA. Mead, "Operation of tunnel emission devices", J. 
Appl. Phys.. 32. 646 (1 961 ). Fig. 3 is a sectional view iflustrating a typical example of the construction of the 
MIM-type element The element includes a substrate 3020, a lower electrode 3021 consisting of a metal, a 
thin insulating layer 3022 having a thickness on the order of 100 A. and an upper electrode 3023 consisting 
of a metal and having a thickness on the order of 80-300 A. The element Is caused to produce a field emission 
from the surface of the upper electrode 2023 by applying an appropriate voltage across the upper electrode 
3023 and lower electrode 3021. 

Since the above-mentioned cold cathode element makes It possible to obtain an electron emission at a 
lower temperature In comparison with a themilonic cathode element, a heater for applying heat is unnecessary 
Accordingly, the structure is simpler than that of the thermtonk; cathode element and It Is possible to fabricate 
elements that are finer. Further, even though a large number of elements are arranged on a sut)Strate at a 
h igh densit y, problems such as fusing of the substrate do not readily arise. In additton. the cold cathode element 
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differs from the thermionic cathode dement In that the latter has a slow response speed t>ecause it is operated 
by heat produced by a heater. Thus, an advantage of the cold cathode element Is a quicker response speed. 

For these reasons, extensive research Into applications for cold cathode elements Is being carried out. 

By way of example, among the various cold cathode elemenls, the surface-conduction electron emission 
element is particularly simple In structure and easy to manufacture and therefore Is advantageous in that a 
large number of elements can be fonmed over a large area. Accordingly, research has been directed to a method 
of arraying and driving a large number of elements, as disclosed in Japanese Patent Application l^id-Ooen 
(Kokai) No. 64-31 332. filed by the applicant 

Further, applications of surface-conduction electron emission elements that have been researched are 
image fonming apparatus such as Image display apparatus and image recording apparatus, charged beam 
sources, eta 

As for applications to image display apparatus, research has been conducted with regard to such an ap- 
paratus using, in combination, surface-conduction type electron emission elements and phosphors which emit 
light in response to Irradiation with an electron beam, as disclosed, for example. In the specifications of USP 
5,066,883 and Japanese Patent Application Laid-Open (KOKAI) Nos. 2-257551 and 4-28137 filed by the pres- 
ent applicant The Image display apparatus using the combinaUon of the sui^ce-conductlon type electron 
emission elements and phosphors is expected to have characteristics superior to those of the conventional 
Image display apparatus of other types. For example, in comparison with a liquid-crystal display apparatus 
that have become so popular In recent years, the above-mentioned image display apparatus emits its own 
light and therefore does not require back-lighting. It also has a wWer viewing angle. 

A method of driving a number of FE-type elements In a row is disctosed, for example, in the spedf ication 
of USP 4,904.895 filed by the present applicant Aflat-type display apparatus reported by Meyer et at. for ex- 
ample. Is known as an example of an application of an FE-type element to an Image display apparatus [R. 
Meyer "Recent Development on Microtips Display at LETI", Tech. Digest of 4th Int Vacuum Microelectronics 
Conf., Nagahara, pp. 6 9, (1991).) 

An example In which a number of MIM-lype elements are arrayed In a row and applied to an Image display 
apparatus is disclosed in the specification of Japanese Patent Application I^W-Open No. 3-55738 filed by the 
present applicant 

Under these circumstances, the inventors have conducted exhaustive research with regard to multiple 
electron sources. Rg. 4A shows an example of a method of wiring a multiple electron source. In Fig. 4A, a 
total of n X m odd cathode elements are wired two-dimensionany in matrix form, with m-number of elements 
arrayed in the vertical direction and n-number in the horizontal directton. In Fig. 4A. numeral 3074 denotes a 
cold cathode element 3072 row-direction wiring, 3073 column-direction wiring, 3075 wiring resistance of the 
row-direction wiring 3072 and 3076 wiring resistance of the column-direction wiring 3073. Further, Dxl, Dx2. 

Dxm represent a feed terminals for the row-direction wiring. Further, Dyl , Dy2. Dyn represent feed termi- 
nals for the column-directton wiring. This simple wiring method Is refeaed to as a ■ matrix wiring method". Since 
the matrix wiring method involves a simple structure, fabrication is easy. 

In a case where a multiple electron beam source constructed using the matrix wiring method is applied 
to an image display apparatus, it is prefen-ed that m and n each be a number of several hundred or more in 
order to assure display capacity. In addition, it is required that an electron beam of desired intensity be capable 
of being produced from each cold cathode element in order to display an image at a correct luminance. 

In a case where a large number of matrix-wired cold cathode elements are driven in the prior art the meth- 
od adopted Is to drive the group of elements on one row of the matrix simultaneously. Rows driven are suc- 
cessively changed over one by one so that all rows are scanned. In accordance with this method, drive time 
allocated to each element Is lengthened by a factor of n in comparison with the method of scanning all elements 
successively one element at a time, thus making it possible to raise the luminance of the display apparatus. 

One example of this is a method of driving FE-type elements disclosed by Partner et al. (USP 5,300,882). 
Fig. 4B Is a circuit diagram for describing this method. 

Numerals 2201A - 2201C in Fig. 4B denote controlled constant-current sources, 2202 a switching circuit 
2203 a voltage source. 2204A a column wire..2204B a row wire and 2205 an FE-type element 

The switching circuit 2202 selects one of the row wires 2204B and connects it to the voltage source 2203. 
The controlled constant-current sources 2201 A - 2201 C supply cunrent to each column wire 2204A. By car^ 
rying out these operations synchronously In suitable fashion, one row of FE-type elements Is driven. 

However, when a matrix-wired multiple electron beam source is actually driven by the above-described 
drive method, a problem which arises Is that the Intensity of the electron beam outputted from each cold cath- 
ode element deviates from the desired value. This results In unevenness or fluctuation In the luminance of the 
display image and, hence, a decline in picture quality. 

This problem will be described in greater detail with reference to Figs. 5A - 7B. In order to avoid overly 
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complicated drawings. Figs. 5A - 7B illustrate only one row (n pixels) of the m x n pixels. Each pixel is provided 
to coaespond to a respective cold cathode element The farther to the right the position is taken, the more 
distant the position ts from the feed terminal Dx of the row wiring 3072. For the sake of simplifying the descrip- 
tion, luminance levels are represented by numerical valueis. the maximum value Is 255, the minimum value Is 
0 and the intermediate values grow auccesstvety larger by 1 . 

Fig. 5A illustrates an example of a desired display pattern, In which It is desired that only the right-most 
p ixel be nrwde to emit light at the luminance 255. Fig. 5B illustrates measurement of the luminance of an image 
displayed by actually driving the cold cathode elements. 

Fig. 6A illustrates another example of a desired displayed pattern, in which it is desired that the group of 
pixels on the left half of the row be made to emit no light (luminance 0) and that the group of pbcels on the right 
half of the row be made to emit light at luminance 255. Fig. 6B illustrates measurement of the luminance of an 
image displayed by actually driving the cold cathode elements. 

Fig. 7A Illustrates another example of a desired displayed pattern. In which It Is desired that all pbcels of 
the row be made to emit light at luminance 255. Fig. 78 Illustrates measurement of the luminance of an Image 
displayed by actually driving the cold cathode elements. 

Thus, as evident from these examples, the luminance of the actually display Image deviates from the de- 
sired luminance. Moreover, if attention is directed toward the pixel indicated by arrow P in these Figures, it will 
be apparent that the magnitude of the deviation from the desired luminance is not necessarily constant. 

As a consequence, the luminance of the displayed image is inaccurate and unstable. 

Further as shown in Figures, undesirable lights indicated by q are emitted. 

Furthermore, there are cases where pbcels emit light even in rows that should not have been selected. (This 
is not shown.) 

For these reasons, the contrast of the image declines and picture quality deteriorates markedly. 

Accordingly, an object of the present Invention is to obtain a more correct and fluctuatton-free Intensity 
for the electron beams produced by a multiple electron beam source having matrix-wired cold cathode ele- 
ments, to prevent a devlatton and fluctuatton in the display lumlnarice of an image display apparatus as well 
as a decline in contrast 

The foregoing object may be attained by the apparatus and drive method according to the present invention 
described below. 

Spedf ically. the present invention provides an electron-beam generating device comprising: a plurality of 
cold cathode elements arrayed In the form of rows and columns on a substrate; m-number of row wires and 
n-number of column wires for wiring the plurality of cold cathode-elements into a matrix; and drive signal gen- 
erating means for generating signals which drive the plurality of cold cathode elements one row at a time; the 
drive signal generating means Including: current-wavefonm determining means for determining a current' wa- 
veform, which will be passed through each of the n-number of column wires, on the basis of an externally en- 
tered electron-beam demand value; current applying means for passing the cun^nt. which has been deter- 
mined by the cunrent-waveform determining means, through each column wire; and voltage applying means 
for applying a voltage V1 to a row wire of a row selected from the m-number of row wires and applying a voltage 
V2 to all other row wires. 

Further, the present invention provides a method of driving an electron-beam generating device having a 
plurality of cold cathode elements anrayed in the form of rows and columns on a substrate, m-number of row 
wires and n-number of column wires for wiring the plurality of cold cathode elements into a matrix, and drive 
signal generating means for generating signals which drive the plurality of cold cathode elements one row at 
a time; the drive method comprising: a cunrent-wavefomi detenmlnlng step of determining a cun-ent waveform, 
which will be passed through each of the n-number of column wires, on the basis of an externally entered elec^ 
tron-beam demand value; a current applying step of passing the cun-ent, which has been determined at the 
current-waveform detemiining step, through each column wire; and a voltage applying step of applying a vol- 
tage VI to a row wire of a row selected from the m-number of row wires and applying a voltage V2 to the other 
row wires. 

In order to clarify the actions of the device and drive method of the present invention as set forth above, 
problems encountered in the conventional drive method will be described with reference to the drawings. 

As the result of exhaustive research, the inventors have discovered that when a drive pattern is altered 
as shown In Figs. 5A, 6A, 7A according to the drive method of the prior art the effective drh^e current which 
flows Into a desired cold cathode element experiences a large amount of fluctuation. This will be described In 
connection with the conventional drive method with reference to Figs. BA. 88, 9A and 98. 

Fig. 8A Is a diagram showing the way In which current flows in a case where drive is performed by the 
method of Fig. 48, In order to facilitate the description, a 2 x 2 matrix is used and the wiring resistance is omitted. 
In Fig 8A. CC1 - CC4 represent cold cathode elements. 



EP0 688 035 A1 



Rg. BA illustrates a case in which only the element CC3 among the four elements Is driven. In order to 
drive the element CCS, the switching circuit 2202 selects row wire Dx2 and connects it to the voltage source 
2203, Meanwhile, the controlled constant-current source 2201 A outputs a cun-ent lA to drive the cold cathode 
element CCS. The controlled constant-current source 2201 B does not output any currenL 

In this case, the current lA flows being spilt Into a current ICC3 and a current IL Of these, the current ICC3 
Is a drive current which effectively acts to drive the cold cathode element CCS. The other current IL is leakage 
current An equhmlent circuit (or calculating the current ICC3 is illustrated in Rg. 8B. To simplify the description, 
the resistance of each cold cathode element Is Indicated as Rc and the resistance of the cold cathode element 
CCS particularly is encircled. When the equation shown in Rg. 88 are soh^ed. the result obtained is ICC3 = 
S-(IA)/4. 

Next, an example In which the drive pattern is changed is shown in Fig. 9A. which shows a case in which 
the cold cathode elements CCS and CC4 are driven simultaneously. The switching circuit 2202 selects row 
wire Dx2 and connects It to the voltage source 220S. Meanwhile, the controlled constant-current sources 2201 A 
and 2201 B output currents to drive the cold cathode elements CCS and CC4. In a case where outputs of Iden- 
tical strength are sought from the cold cathode elements CCS and CC4, It will suffice to establish the relation 
lA = IB. In such case no leakage current flows Into the cold cathode elements CC1 and CC2. Accordingly, we 
have ICCS = lA, as evident from the equivalent circuit shown in Fig. 9B. 

A comparison of Figs. BA and 9A deariy shows that regardless of the fact that the same current lA flows 
from the controlled constant-current source 2201 A. the drive current 1CC3 which effectively flows into the cold 
cathode element CCS fluctuates. In other words, with the method of the prior art, the leakage current IL is not 
controlled and fluctuation occurs. 

By contrast, in accordance with the above-described device or drive method of the present invention, it is 
possible to control the leakage current IL so as to have a constant magnitude. As a result, a constant drive 
cun-ent can be supplied to the cold cathode elements at all limes even If the drive pattern is changed. The 
situation In the case of this Inventton will be described with reference to Figs. 10A. 108, 11 A, 11 B. 

Fig. 10A should be compared with Fig. 8A. That Is, this is for a case In which only the cold cathode element 
CCS is driven. According to the present invention, a potential V1 is applied to a selected row wire (i.e., Dx2) 
and a potential V2 is applied to all unselected row wires (i.e., Dx1). In the example of Fig. 10A, a switching 
circuit 502 and voltage sources VI. V2 cooperate to perform this operation. 

Output current lAfrom the a controlled constant-current source splits into a drive current ICCS and a leak- 
age current ILL In the case of this inventton. the leakage current IL1 is controlled by the voltages V1 and V2. 
Aconstant cun-ent IL2 flows into the cold cathode elements CC2 and CC4 as long as the output of the controlled 
constant-current source 501 B is zero. 

The drive cunrent ICCS and leakage current IL1 are obtained from the equivalent circuit and eouations of 
Fig. 10B. 



Fig. 11A should be compared with Fig. 9A. That Is. this is for a case in which the cold cathode elements 
CCS and CC4 are driven simultaneously. In this case also the potential VI is applied to a selected row wire 
(I.e.. Dx2) and the potential V2 Is applied to all unselected row wires (I.e., Dx1). 

The drive current ICCS and leakage current IL1 are obtained from the equivalent circuit and equations of 
Fig. 108. 
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Thus, according to the present invention, as evident from the foregoing examples, the leakage current IL1 
can be controlled so as to be constant as a result of which the drive current ICC3 of the cold cathode elements 
does not fluctuate even If the drive pattern Is altered. 

Accordingly, the fluctuation In output which was a problem In the prior art can be prevented. Further, since 
the magnitude of the leakage current can be controlled by V1 and V2. setting suitable voltage values makes 
it possible to prevent unnecessary electrons from being outputted by the cold cathode elements of an unse- 
lected row as a result of leakage current. 

There are instances in which the leakage current flows through a parasitk; conduction path besides the 
cold cathode elements themseh^es. 

There are many cases in which the parasitic conduction path is formed about the periphery of the cold 
cathode elements or at the periphery of the member insulating the raw wires from the column wires. 

As a typical example of the former, consider the case of a surfiace-oonduction electron emission element 
If the surface of the substrate at the periphery of the element Is soiled by electrically conducth^e matter 3006, 
a leakage cun-ent will flow (see Fig. 1 ). 

In the case of an FE-type element a leakage currant will flow if an insulating layer 3013 is flawed or the 
surface of the Insulating layer 3013 is soiled by electrically conductive matter 3015 (see Fig. 2). 

In the case of an MIM-type element a leakage current will flow if an insulating layer 3022 is flawed or the 
surface of the insulating layer 3022 is soiled by electrically conductive matter 3024 (see Rg. 3). 

As a typfcal example of the latter. oonsWer a case where an Insulating layer provbed at the solid cross 
section of a column wire and row wire Is flawed or the surface of the insulating layer is soiled by electrically 
conductive matter. A leakage current will flow through the affected portton. This occurs inrespectlve of the type 
of cold cathode element 

The present invention Is effective In dealing with such leakage cunrents ascribable to these causes. 

In the electron-beam generating device according to the present Invention, the current-waveform deter- 
mining means comprises means foroutputting the current waveform, which has been determined on the basis 
of the electron-beam demand value, as a voltage signal that has been amplitude-modulated or pulse-width 
n>odulated, and the current applying means comprises a vollage/cun*ent converting circuit 

In the drive method of the present invention, the cunrent-waveform determining step comprises a step of 
outputting the cun-ent waveform, which has been determined on the basis of the electron-beam demand value, 
as a voltage signal that has been amplitude-modulated or pulse-width modulated, and the current applying step 
comprises a step of converting a voltage signal to a current signal. 

In accordance with the device or drive method described above, once the modulated signal has been out- 
putted in the form of a voltage signal. It is converted to a current signal. This means that the arrangement of 
the electrical circuitry of the controlled constant-current sources becomes very simple. 

Further, in the electron-beam generating device according to the present Invention, the cun-ent-waveform 
determining means comprises element-current determining means fordetenmining an element cun-ent which 
is to be passed through a cold cathode element of a selected row (a row to which the voltage V1 has been 
applied), on the basis of the externally entered electron-beam demand value and an output characteristic of 
the cold cathode element and correcting means for correcting the element current determined by the electron- 
element current determining means. 

The correcting means includes leakage-current determining means for detennining a leakage-current 
passed through an unselected row (a row to which the voltage V2 has been applied), and adding means for 
adding an output value from the element-cun-ent determining means and an output value from the leakage- 
current detemnining means. 

In the drive method of the present Invention, the current-wavefonndetemiining step comprises an element- 
current determining step of determining an element current, which Is to be passed through a cold cathode ele- 
ment of a selected row (a row to which the voltage VI has been applied), on the basis of the externally entered 
electron-beam demand value and an output characteristic of the cold cathode element and a correcting step 
of con-ecting the element current determined at the electron-element current detennining step. 

The correcting step includes a leakage-current determining step of determining a leakage cun^nt passed 
through an unselected row (a row to which the voltage V2 has been applied), and an adding step of adding an 
output value obtained at the element-current determining step and an output value obtained at the leakage- 
current detennining step. 

In accordance with the device or drive method described above, an accurate drive current can be supplied 
to a cold cathode element and, hence, an accurate output can be obtained. In particularly, the degree of ac- 
curacy can be greatly Improved by correcting the leakage current which has a great influence upon output 
In particular, since leakage current can be rendered constant according to the present Invention, the correction 
is highly effective. 
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Further, in the electron-beam generating device of the present Invention, the leakage-current determining 
means includes means for applying the voltage V2 lo a row wire, and current measuring means for measuring 
a current which flows Into a column wire. 

In the drive method of the present Invention, the leakage-current determining step Includes a cun-ent meas- 
uring step of measuring current which flows through a column wire when the voltage V2 has been applied to 
a now wire. 

In accordance with the device and drive method described above, the precision of a correction can be 
raised by actually measuring the leakage current Even if the nwgnitudeof the leakage current varies with time, 
. an appropriate correctk)n can be made according lo the change. 

Further, in the electron-beam generating device of the present invention, the leakage-current determining 
means comprises a memory in which leakage values found in advance by measurement or calculatton are stor- 
ed. 

In the drive method of the present invention, the leakage-current determining step comprises a step of read- 
ing data out of a memory In which leakage values found in advance by measurement or calculatton are stored. 

In accordance with the device or drive method described above, a correction can be made at high speed 
through a simple arrangement 

Further, in the electron-beam generating device of the present invention, the con-ecting means includes 
wiring-potential measuring means for measuring wiring potential, and means for changing amount of a correc- 
tion in conformity with result of measurement by the wiring-potential measuring means. 

In the drive method of the present invention, the conrecting step includes a wiring-potential measuring step 
of measuring wiring potential, and a step of changing amount of a coaection In conformity with result of meas- 
urement at the vdring-potential measuring step. 

In accordance with the device or drive method described above, it Is possible to apply a correction that ' 
takes into account a change In leakage current asfcribable to a voltage drop caused by wiring resistance. This 
makes possible a further Improvement In the accuracy of electron-beam output 

In the electron-beam generating device or drive method of the present Invention, Image Informatton Is used 
as the externally entered electron-beam demand infonmation. 

The above-mentioned device or drive method is idea! for use in various image fonning apparatus such as 
an image display apparatus, printer or electron-beam exposure system, 

in the electron-beam generating device of the present invention, surface-conductfon electron emission 
elements are used as the cold cathode elements. 

The above-mentioned devrce is simple to manufacture and even a device having a large area can be fab- 
ricated with ease. 

If the electron-beam generating devkie of the present invention is combined with an image forming member 
for forming an image by Irradiation with an electron beam outputted by the electron-beam generating device, 
an Image forming apparatus having a high picture quality can be provided. 

If the above-mentioned image forming apparatus has phosphors as the image forming members for form- 
ing an image by irradiation with the electron beam, an image display apparatus suited to a television or com- 
puter terminal can be provkJed. 

Other features and advantages of the present invention will be apparent from the following descriptfon tak- 
en in conjunction with the accompanying drawings, in which like reference characters designate the same or 
similar parts throughout the figures thereof. 

The accompanying drawings, which are incorporated in and constitute a part of the specification, Illustrate 
embodiments of the invention and, together with the description, serve to explain the principles of the Invention 
by way of example only. 

Fig. 1 is a plan view Illustrating a surface-conduction electron emission element according to the prior art; 

Fig. 2 is a sectional illustrating an FE-type electron emission element according to the prior art; 

Fig. 3 is a sectional view illustrating a MIM-type electron emission element according to the prior art; 

Fig. 4Ais a diagram showing a method of matrix-wiring m x n electron emisston elements; 

Fig. 4B Is a diagram showing a method of driving FE elements according to the prior art; 

Fig. 5A is a diagram showing an example of luminance desired of one row (n-number) of pixels; 

Fig. 5B is a diagram showing a deviation in luminance which occurs in the prior art when the pattern of 

Fig, 5A Is displayed; 

Fig. 6A Is a diagram showing another example of luminance desired of one row (n-number) of pixels; 
Fig. 6B Is a diagram showing a deviation in luminance whteh occurs In the prior art when the pattern of 
Fig. GA Is displayed; 

ng. 7A is a diagram showing another example of luminance desired of one row (n-number) of pixels; 
Fig. 78 is a diagram showing a deviation in luminance which occurs in the prior art when the pattern of 
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Fig. 7A is displayed; 

Ftgs. 8A, SB, 9A, 9B are circuit diagrams showing the flow of current in conventional method of drive; 
Figs, 10A, 108. 11A, 118 are circuit diagrams showing the flow of current In a method of drfve accortling 
to the present invention; 

Ffg. 12 Is a perspective view of a display panel used In this embodiment; 

Figs. 13A, 13B are diagrams showing the arrangement of pbcels In the display panel used in this embodi- 
ment; 

Fig. 14 is a diagram illustrating the construction of an image display apparatus according to a first em- 
bodiment; 

Fig. 15 is a diagram showing the internal construction of a vdtage/cunrent converting circuit; 
Fig. 16 is a diagram showing the detailed internal drcurtry of the voitage/current converting circuit; 
Fig. 1 7 is a diagram showing the operating characteristics of If and I, of a surface-conduction electron emis- 
sion element; 

Fig. ISA is a diagram showing a voltage-modulated signal waveform, which Is Input to the voltage/currenl 
converting circuit of the first embodiment; 

Fig. 1 8B is a diagram showing the waveform of an output current from the voltage/current converting circuit 
of the first embodiment; 

Fig. 18C is a diagram showing the waveform of an emission current from an electron emission element 
according to the first embodiment; 

Rg. 19 Is a diagram showing the construction of an image display apparatus according to a second em- 
bodiment; 

Fig. 20A is a diagram showing a pulse-width-nrradulated signal waveforn^ which is input to the voltage/cur- 
rent converting circuit of the second embodiment; 

Fig. 20B is a diagram showing the waveform of an output current f riom the voltage/current converting circuit 
of the second embodiment; 

Fig. 20C is a diagram showing the waveform of an emission cun-entfrom an electron emission element 
according to the second embodiment; 

Fig. 21 is a diagram showing an arrangement for driving a multiple electronic source according to a third 
embodiment; 

Fig. 22 is a diagram showing an arrangentent for driving a multiple electronic source according to fourth 
and sixth embodiments; 

Fig. 23 is a diagram showing a Vf-lf and a Vf-le characteristic of a surface-conduction electron emission 
element; 

Fig. 24A is a schematic view showing a method of creating a LUT In fourth through seventh embodiments; 
Fig, 24B is a schematic view showing a method of creating a LUT in fourth through seventh embodiments; 
Fig. 24C is a flowchart illustrating a method of creating a LUT in fourth through seventh embodiments; 
Fig. 25 is a diagram showing an arithmetic circuit according to the fourth embodiment; 
Figs. 26AIO 26G are waveform diagrams of waveforms associated with wiring of a first column according 
to the fourth embodiment; 

Fig. 27A is a sectional view of a planar-type surface-conduction electron emission element 
Fig. 27B is a plan view of a planar-type surface-conduction electron emission element 
Fig. 2aAis a diagram illustrating a step for manufacturing planar-type surface-conduction electron emis- 
sion elements; 

Fig. 288 is a diagram Illustrating a step for manufacturing planar-type surface-conduction electron emis- 
sion elements; 

Fig. 28C is a diagram Illustrating a step for manufacturing planar-type surface-conduction electron emis- 
sion elements; 

Fig. 28D is a diagram illustrating a step for nwnufacturing planar-type surface-conduction electron emis- 
sion elements; 

Fig, 28E is a diagram illustrating a step for manufacturing planar-type surface-conduction electron emis- 
sion elements; 

Fig. 29 is a diagram showing an applied voltage waveform for an energization forming treatment; 

Fig. 30A Is a diagram showing an applied voltage waveform for an electrification activation treatment; 

Fig. 30B is a diagram showing emission current at the time of the electrification activation treatment; 

Fig. 31 Is a sectlonat view of a step-type surface-conduction electron emission element; 

Fig. 32A is a diagram Illustrating a step for manufacturing step-type surface-conduction electron emission 

elements; 

Fig. 32B is a diagram Illustrating a step for manufacturing step-type surface-conduction electron emission 



EP0 6d8 035 A1 



elements; 

Fig. 32C is a diagram illustrating a step for manufacturing step-type surface-conduction electron emission 
elements; 

Rg, 32D is a diagram Illustrating a step for manufacturing step-type surface-conduction electron emission 
elements; 

Fig. 32E is a diagram Illustrating a step for manufacturing step-type surface^onductlon electron emission 
elements; 

Rg. 32F is a diagram illustrating a step for manufacturing step-type surface-conduction electron emission 
elements; 

Rg. 33 is plan view showing the substrate of a multiple electron source; 

Fig. 34 is sectional view showing the substrate of a multiple electron source; 

Rg. 35 is a diagram showing the flow of a video luminance signal according to a fifth embodiment; 

Fig. 36 13 a diagram showing an arithmetic circuit according to the fifth embodiment; 

Figs. 37A to 37G are waveform diagrams of wavefomis associated with wiring of a first column according 

to the fifth embodiment; 

Fig. 38 Is a diagram showing an arithmetic circuit according to a sbcth embodiment; 

Figs. 39A to 39G are waveform diagrams of wavefonns associated with wiring of a first column according 

to the sbcth embodinr>ent; 

Fig. 40A is a diagram showing a constant-current diode; 

Fig. 40B is a diagram showing the V-l characteristic of the constant-current diode; 

Fig. 40C is a diagram showing the R-l characteristic of the constant-cunrent diode; 

Fig. 40D is a diagram showing a constant-cunrent diode circuit having a high withstand voltage; 

Fig. 40E is a diagram showing a constant-current diode circuit through which a large current is passed; 

Rg. 41 A Is a diagram showing a V/l converting circuit having a constant-current diode; 

Fig. 41 B is a diagram showing a V/I converting circuit having a constant-current diode; 

Rg. 42 Is a diagram showing the flow of a video luminance signal according to a seventh embodiment; 

Fig, 43 is a diagram showing a method of creating a LUT in seventh and eighth embodiments; 

Fig. 44A is a diagram showing a V/l converting circuit; 

Rg. 44B is a diagram showing a concrete example of the circuitry of the V/I converter 

Figs. 45A to 45H are waveform diagrams of wavefonms associated with wiring of a first column according 

to the seventh embodiment; 

Rg. 46Ais a diagram showing the principle of feedback correction according to the seventh embodiment; 
Fig. 46B is a diagram showing the distribution of Ifteff corresponding to the circuit of Rg. 46A; 
Fig. 47 is a diagram showing the flow of a luminance signal according to an eighth embodiment: 
Figs. 48A to 4BH are waveform diagrams of wavefomris associated with wiring of a first column according 
to the eighth embodiment; 

Fig. 49 is a diagram showing an example of a multifunctional display apparatus; 
Figs. 50A. SOB. 51/^ 51 B, 52A, 52B are diagrams exemplifying the effects of the first embodiment; and 
Figs. 53A. 53B, 54A, 64B, 55A, 55B are diagrams exemplifying the effects of the seventh embodiment 
Preferred embodiments of the present invention will be described in detail in accordance with the accom- 
panying drawings. 



First Embodiment 



An Image display apparatus which is a first embodiment of the present invention, as welt as a method of 
driving the apparatus, will now be described in detail. The construction and operation of the electrical circuitry 
will be described first, then the structure and method of nwnufact uring a display panel and finally the structure 
and method of manufacturing a cold cathode element incorporated within the display panel. 

(Construction and operation of electrical circuitry) 

In Fig, 14, a display panel 101 is connected to external electrical circuitry via terminals D,| - D^, terminals 
Dyt - Dy„. A high-voltage terminal Hv on a face place Is connected to an external high-voltage power supply 
V, and Is adapted to accelerate emitted electrons. Scanning signals for successively driving, one row at a time, 
multiple electron beam sources provided within the panel, namely a group of surface-conduction electron emls^ 
slon elements matrix-wired In the form of M rows and N columns, are applied to the terminals D„ - D^. Mod- 
ulating signals for controlling the output electron beams of the respective elements of the surface-conduction 
electron emission elements in a row selected by the scanning signals are applied to the terminals Dy, - Dy„. 
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A scanning circuit 1 02 will be described neixL The scanning circuit 1 02 is internally provided with M-number 
of switching elements. On the basis of a control signal Tscan issued by a control circuit 103, each switching 
element connects a DC power supply V,| to the wiring terminal of a row of electron elements being sranned 
and a DC power supply to the terminal of a row of electron emission elements not being scanned. 

On the basis of an Image signal that enters from the outside, the control circuit 103 acts to coordinate the 
operation timing of each component so as to present an appropriate display. The externally applied image sig- 
nal may be a composite of image data and a synchronizing signal, as in the manner of an NTSC signal, or it 
may be a signal in which the image data and synchronizing signal are separated in advance. This embodiment 
will be described with regard to the latter case. fThe former image signal can be dealt with similarly in this 
embodiment if a well-known synchronous separation circuit is provided to separate the signal into the image 
data and synchronizing signal.) 

More spedficaily, on the basis of an externally entered synchronizing signal Tsync, the control circuit 103 
generates control signals Tscan and Tmry applied to the scanning circuit 102 and a latch circuit 105. The syn- 
chronizing signal Tsync generally comprises a vertical synchronizing signal and a horizontal synchronizing sig- 
nal but is designated by Tsync In order to simplify the description. 

Externally applied Image data 6000 (luminance data) enters a shift register 104. The shift register 104 is 
for converting the image data, which enters serially in a time series, to a parallel signal every line of the image. 
The shift register 104 operates based upon the control signal (shift dock) Tsft which enters from the control 
circuit 103. The serial/parallel-oonverted data of one line of the image (which data corresponds to the drive 
data of N-number of electron emission elements) is outputted to a latch circuit 105 as parallel signals l<„ - 1^^. 

The latch circuit 105 is a memory circuit for storing one line of the image data for a requisite period of time 
only. The latch circuit 105 stores l^i - U, simultaneously in accordance with the control signal Tmry sent from 
the control circuit 103. The data thus stored is outputted to a voltage modulating circuit 106 as r^t - Van- 

The voltage modulating circuit 106 produces a voltage signal, the amplitude of which has been modulated 
in dependence upon the image data r^i - I'dn, and outputs the voltage signal as r^, - IV More spedficaily, 
the greater the luminance of the Inwge data, the larger the amplitude of the voltage outputted. For example] 
a voltage of 2 V is outputted for maximum luminance and a voltage of 0 V for minimum luminance. The output 
signals l"di - T^n enter a voltage/current converting circuit 107. 

The voltage/cunrent converting circuit 107 is a circuit for controlling the current which is passed through a 
cold cathode element in dependence upon the amplitude of the input voltage signal. The output signal of the 
voltage/current converting circuit 107 is applied to lemninals Dy, - Dyn of the display panel 101. Rg. 15 is a 
diagram showing the internal construction of the voltage/cunrent converting circuit 107. As shown in Fig. 15, 
the voltage/current converting circuit 107 Is Internally equipped with voltage/current converters 301 corre^ 
spending to respective ones of the signals r^i - Tdn applied to the circuit 107. Each of the voltage/current 
converters 301 Is composed of circuitry of the kind Illustrated In Fig. 16. As shown in Fig. 16, the converter 
includes an operational amplifier 302, a transistor 303 of the junctton FET type, by way of example, and a re- 
sistor 304 having a resistance of. R ohms. In accordance with the circuit of Fig. 1 6. the nwgnitude of an output 
cun-ent loot is decided in conformity with the amplitude of the input voltage signal Vin. The following relation 
holds: 

lout = Vk/R (Eq. 1) 

By setting the design parameters of the voltage/cunrent converter 301 to suitable values, it is possible to 
control the cun-ent lom, which flows through a cold cathode element, in dependence upon the voltage-modulated 
Image data V^,. 

In this embodiment, the size R of the resistor 304 and the other design parameters are decWed In the fol- 
lowing pDanner 

A surface-conduction electron emission element used In this embodiment has an electron emission char- 
acteristic in which (= 8 V) is adopted as a threshold value, as shown in Fig. 23. Accordingly, in order to 
prevent an unnecessary light emission from the display screen, It is required that the voltage applied to a col- 
umn of electron emission elements not being scanned be made less than 8 V without fail. In the scanning circuit 
102 of Fig. 14, it is so arranged that the output voltage of the voltage source V^i is applied to the X-direction 
wiring of a of electron emission elements not being scanned. Therefore, the requirement 

V^<8 (Eq. 2) 

Is satisfied. Accordingly, 7.5 V Is decided upon as being the voltage of In this embodiment. This means 
that the voltage applied to an electron emission element not being scanned will not exceed 7,5 V even at its 
maximum value. 

It is required to arrange It so that an electron emission element being scanned will emit an electron beam 
appropriately In conformity with the Image data. In this embodiment, emission cunrent U is controlled by suitably 
modulating the element cunrent l, utilizing the IrU characteristic (Fig. 17) of the surface-conduction electron 
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emission element As shown in Fig. 17, the emission current which prevails when the display device is made 
to emit light at maximum luminance is designed to be l^tnav and the element current at this lime is set to l>e 
lftn«. For example, = 0. 6 nA. and = 0.8 mA 

Tlie voltage Vm of the output signal from the voltage modulating circuit 106 Is 2 V for maximum luminance 
and 0 Vfor minimum luminance. Therefore, the resistance R can be determined as follows by substituting the 
above Into Equation (1): 

R = 2/0.0008 = 2.5 Kn 

Further, when the display device is made to emit light at maximum luminance, the surface-conduction elec- 
tron emission element possess an electrical resistance on the order of 

12V/0.8mA = 15Ka 

When the fact that this and the resistance R (= 2.5 Kn) are serially connected is taken into account, the output 
voltage of the voltage source V^i is set as fdiows: 

V«i = '15V 

TTie accelerating voltage V, (see Fig. 14) applied to the phosphors Is determined as follows: The necessary 
power to be Introduced to the phosphors to obtain the desired maximum luminance Is calculated from the light- 
emission efficiency of the phosphors and the magnitude of the accelerating voltage V. Is decided In such a 
manner that ^ VJ will satisfy this introduced power. For example, let this power be 10 KV. 

Thus, the parameters are set as described above. 

The operation of the circuitry will be described in greater detail with reference to the waveform diagrams 
of Figs. 18A-18C. 

Fig. 18A exemplifies any one of the signals I'^i - V'^n which enter the voltage/current converting drcuit 
107. This is a signal waveform that is voltage-modulated in conformity with the image data 5000 (luminance 
data). The signal level Is assigned a value of 2 V for maximum luminance and 0 V for minimum luminance, as 
mentioned earlier. 

Fig. 18B Is a wavefonm of the output current iou. namely the current I, which flows into an electron emission 
element being scanned, from the voltage/current converting circuit 107 In a case where the signal of Fig. 18A 
is applied thereto. It should be noted that the current waveforms shown in Figs. ISA - 18C are instantaneous 
current wavefonms that are not averaged in temis of time. It goes without saying the this waveform corresponds 
to Equation (1). 

Fig. 18C illustrates the waveform of the emission current le produced by an electron emission element in 
conformity with the waveforms of Figs. 18A and 18B. 

Thus, in this embodiment as described above, the relationship between the element current If and emission 
current U (exemplified in Fig. 17) of a surface-conduction electron emission element is utilized to modulate 
the element current If in dependence upon the Inwge data, thereby controlling the emission current le to present 
a grayscale display. 

In a case where no voltage applied to an unselected row, as is done in the prior art, the current impressed 
upon the surface-conduction electron emission element develops a variance owing to a leakage current The 
result is that luminance faithful to the \n\age data is not reproduced. Even if an attempt is made to improve 
reproducibility, it is difficult to measure directly the current effectively applied to the surface-conduction elec- 
tron ernission element This makes it difficult to apply feedback to the modulated current 

By contrast, in accordance with this embodiment the arrangement is such that Vx2 is applied to an unse- 
lected rpw. And the element current If which flows into a surface-conduction electron emission element is 
modulated by the voltage/current converting circuit 107. As a result of which It Is possible to be the leakage 
cun-ent constant This means that an Image can be displayed at a luminance which Is very faithful to the original 
image signal over the entire display screen. 

In this embodiment, the arrangement of Fig. 16 Is described as an embodiment of the voltage/current con- 
verting circuit 107. However, this circuit arrangement does not impose a limitation upon the invention. Any cir- 
cuit arrangement will suffice so long as the cun-ent which flows into a load resistor (a surface-conduction elec- 
tron emission element) can be nxxJulated in dependence upon the input voltage. For example, if a compara- 
tively large output current lout is required, it is preferred that a power transistor be Darlington-connected at 
the portion of transistor 303. 

In this embodiment, a digital video signal (indicated at numeral 5000 in Fig. 14), whfch readily lends itself 
to data processing, Is used as the Input video signal. However, this does not impose a limitation upon the in- 
vention, for an analog video signal may be used. 

Further, In this embodiment, the shift register 104. which Is convenient In terms of processing a digital sig- 
nal, is employed In the serial/parallel conversion processing. However, this does not Impose a limitation upon 
the invention. For example, by controlling storage addresses In such a manner that these addresses are 
changed In successive fashion.'use may be made of an randonvaccess memory having a function equh^alent 
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to that of the shift register. 

In accordance with this emtTodiment as described above, it is possible to improve upon the problem of the 
non-unlformlty in le caused by the fluctuation of the leakage current TTits makes it possible to perform drh^e 
at a substantially uniform distribution. As a result, a high-quality Image having little luminance distribution can 
be formed. 

For example, as shown In Figs. SOB, 51 B and 52B, the accuracy ofdisplayed luminance Is Improved greatly 
in comparison with the conventional method. 

Specifically, leakage cunrent is controlled by the method of applying suitable voltages Vxl, Vx2 to row 
wires. This provides the following effects: 

Rrst, in comparison with the prior-art example shown in Figs. 5B. 6B. 7B, fluctuation in luminance when 
the display pattern is changed can be reduced by a wide margin, as indicated at the an-ows P. 

Second, in the prior art, pixels for which the desired luminance is zero still emit light (see q in Rg. 5B), 
This can be prevented. 

TTiird. It is possible to prevent an unselected row from emitting light 

As a result of the foregoing, a deviatbn or fluctuation In luminance and a decline In contrast can be re- 
duced. 

(Construction of display panel and method of manufacturing same) 

The construction and method of manufacturing the display panel 101 of the image display apparatus ac- 
cording to the first embodiment will now be described while giving an illustration of a specific example. 

Fig. 12 is a perspective view of the display panel used in this embodiment A portion of the panel is cut 
away In order to Illustrate the internal structure. 

Shown in Fig. 12 are a rear plate 1005, a side wall 1 006 and a face plate 1 007. A hermetic vessel for main- 
taining a vacuum In the interior of the display panel is formed by the components 1005 - 1007. In terms of 
assembling the hermetic vessel, the joints between the members require to be sealed to maintain sufficient 
strength and air-tightness. By way of example, a seal is achieved by coaling the joints with frit glass and car- 
rying out calcination in the atmosphere or in a nitrogen environment at a temperature of 400 - SOO^C for 10 
min or more. The method of evacuating the interior of the hermetic vessel will be described later. 

A substrate 1001 is fbced to the near plate 1005. which substrate has m x n cold cathode elements formed 
thereon. (Here m, n are positive integers of having a value of two or greater, with the number being set appro- 
priately in conformity with the number of display pixels intended. For example, in a display apparatus the pur- 
pose of which is to display high-definition television, it Is desired that the set numbers of elements be no less 
than n = 3000, m = 1000. In this embodiment n = 3072, m = 1024 hold.) The m x n cold cathode elements are 
matrix-wired by nvnumber of row-direction wires 1003 and n-number of column-direction wires 1004. The por- 
tion constituted by the components 1001 1 004 Is referred to as a "multiple electron beam source". The meth- 
od of manufacturing the multiple electron beam source and the structure thereof will be described in detail 
later. 

A phosphor film 1008 is formed on the underside of the face plate 1007. Since this embodiment relates 
to a color display apparatus, portions of the phosphor film 1008 are coated with phosphors of the three primary 
colors red. green and blue used in the field of CRT technology. The phosphor of each color is applied in the 
fonm of stripes, as shown in Fig. ISA, and a black conductor 1010 is provided between the phosphor stripes. 
The purpose of providing the black conductors 1010 is to assure that there will not be a shift In the display 
colors even If there is some deviation in the position Irradiated with the electron beam, to prevent a decline In 
display contrast by preventing the reflection of external light and to prevent the phosphor film from being 
charged up by the electron beam. Though the main Ingredient used In the black conductor 1010 is graphite, 
any other material may be used so long as it is suited to the above-mentioned objectives. 

The application of the phosphors of the three primary colors is not limited to the stripe-shaped array shown 
in Fig. 13A. For example, a delta-shaped array, such as that shown in Fig.13B, or other array may be adopted. 

In a case where a monochromatic display panel is fabricated, a nK>nochromatic phosphor material may 
be used as the phosphor film 1008 and the black conductor material need not necessarily be used. 

Further, a metal backing 1009 well known in the field of CRT technology is provided on the surface of the 
phosphor film 1008. The purpose of providing the metal backing 1009 Is to improve the utilization of light by 
reflecting part of the light emitted by the phosphor film 1008, to protect the phosphor film 1008 against damage 
due to bombardment by negath^e Ions, to act as an electrode for applying an electron*beam acceleration vol- 
tage, and to act as a conduction path for the electrons that have excited the phosphor film 1008. The metel 
backing 1009 is fabricated by a method which Includes forming the phosphor film 1008 on the face plate sub- 
strate 1007, subsequently sm6othIng the surface of the phosphor film and vacuunrvde positing aluminum on 
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this surface. In a case where a phosphor material for low voltages ts used as the phosphor Him 1 008. the metal 
backing 1009 is unnecessary. 

Though not used In this embodiment, transparent electrodes made of a material such as ITO may be pro- 
vided between the face plate substrate 1007 and the phosphor film 1008. 

Dxi - Dyi - Dyn and Hv represent feed lenmlnals, which have an air-tight structure, for connecting 
this display panel with electrical circuitry. The feed terminals D^i - D^m are electrically connected to the row- 
direction wires 1003 of the multiple electron beam source, the feed tenminals Dyi - Dyn are electrically con- 
nected to the column-direction wn-es 1004 of the multiple electron beam source, and the terminal Hv is eleo- 
tricalty connected to the metal backing 1 009 of the face plate. 

In order to evacuate the interior of the hermetic vessel, an exhaust pipe and a vacuum pump, not shown, 
are connected after the hermetic vessel is assembled and the Interior of the vessel Is exhausted to a vacuum 
of 10-7 Ton*. The exhaust pipe is then sealed. In order to maintain the degree of vacuum within hermetk; vessel, 
a getter film (not shown) Is fbmied at a prescribed position Inside the hermetic vessel Immediately before or 
immediately after the pipe Is sealed. The getter film is a film fbnmed by heating a getter material, the main 
ingredient of which is Ba, for example, by a heater or high-frequency heating to deposit the material. A vacuum 
on the order of 1 x 10^ - 1 x 1 0-^ Tonr Is maintained Inside the hemietic vessel by the adsoribing actton of the 
getter film. 

The foregoing is a descriptkan of the basic construction and nwthod of manufacture of the display panel 
according to this embodiment of the invention. 

The method of manufacturing the multiple electron beam source used in the display panel of the foregoing 
embodiment will be described next. If the multiple electron beam source used in the image display apparatus 
of this invention is an electron source in which cold cathode elements are wired In the form of a nratrix, there 
Is no limitation upon the material, shape or method of manufacture of the cokl cathode elements. Accordingly, 
it is possible to use cold cathode elements such as surface-conductton electron emission elements or cold 
cathode elements of the FE or MIM type. 

Since there is demand for Inexpensh^e display devices having a large display screen, the surface-conduc- 
tion electron emission elements are particularly preferred as the cold cathode elements. More specifically, 
with the FE-type element, the relative positions of the emitter cone and gate electrode and the shape thereof 
greatly influence the electron emisston characteristics. Consequently, a highly precise manufacturing techni- 
que is required. This is a disadvantage in terms of enlarging surface area and lowering the cost of manufacture. 
With the MIM-type element, it is required that the insulating layer and film thickness of the upper electrode be 
made uniform even if they are thin. This also is a disadvantage in temts of enlarging surface area and towering 
the cost of manufacture. In this respect, the surface-conduction electron emission element Is comparatively 
simple to nfianufacture. the surface area thereof Is easy to enlarge and the cost of manufacture can be reduced 
with ease. Further, the inventors have discovered that, among the surface-conductton electron emission ele- 
ments available, an element in which the electron emission portion or periphery thereof is formed from a film 
of fine particles excels in its electron emission characteristic, and that the element can be manufactured easily. 
Accordingly, it may be constructed that such an element is most preferred for used in a multiple electron beam 
source in an image display apparatus having a high luminance and a large display screen. Accordingly, in the 
display panel of the foregoing embodiment, use was made of a surface-conduction electron emission element 
in which the electron emission portwn or periphery thereof was formed from a film of fine particles. First, there- 
fore, the basic construction, method of manufacture and characteristics of an Weal surface-conduction elec- 
tron emission element will be described, and this will be followed by a description of the structure of a multiple 
electron beam source In which a large number of elements are wired In the form of a matrix. 

(Element construction Ideal for surface-conduction electron emission elements, and method of manufactur- 
ing same) 

A planar-type and step-type element are the two typical types of construction of surface-conduction elec- 
tron emission elements available as surface-conduction electron emissbn elements In which the electron 
emission portion or periphery thereof is formed from a film of fine particles. 

(Planar-type surface-conduction electron emission element) 

The element constructk>n and manufacture of a planar-type surface-conductton electron emisston ele- 
ment will be described first Figs. 27A, 27B are plan and sectional views, respectively, for describing the con- 
struction of a planar-type surface-conduction electron emission element 

Shown in Figs. 27A, 278 are a substrate 1101, element electrodes 1102, 1103. an electrically conductive 
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thin film 1104, an electron emission portion 1105 formed by en energization forming treatment, and a thin film 
1113 formed by an electrification activation treatment 

Examples of the substrate 1101 are various glass substrates such as quartz glass and soda-llme glass, 
various substrates of a ceramic such as alumina, or a substrate obtained by depositing an Insulating layer such 
as Si02 on the various substrates mentbned above. 

The element ftlectrodes 1102, 1103, which are provided to oppose each other on the substrate 1101 In 
parallel with the substrate surface, are fomned from a material exhibiting electrical conductivity. Examples of 
the material that can be mentioned are the metals Ni. Or, Au. Mo, W. Pt Ti, Al. Cu. Pd and Ag or alloys of these 
metals, metal oxides such as In203-Sn02 and semiconductor materials such as polysilicon. In order to form 
the electrodes, a film nnanufacturing technique such as vacuum deposition and a patterning technique such 
as photolithography or etching may be used in combination. However, it is permissible to form the electrodes 
using another method, such as a printing technique. 

The shapes of the element electrodes 1102. 1103 £ire decided in conformity with the application and pur- 
pose of the electron emission element In general, the spacing t1 between the electrodes may be a suitable 
value selected from a range of several hundred angstroms to several hundred micrometers. Preferably, the 
range Is on the order of several micrometers to several tens of micron:>eters In order for the device to be used 
in a display apparatus. With regard to the thickness d of the element electrodes, a suitable numerical value is 
selected from a range of several hundred angstronw to several micrometers. 

A film of fine particles is used at the portion of the electrically conductive thin film 1104. The film of fine 
particles nr>entioned here signifies a film (indusrve of island-shaped aggregates) containing a large number of 
fine particles as structural elements. Ifa film of fine particles is examined microscopically, usually the structure 
observed is one in which indhodual fine particles are arranged in spaced-apart relation, one in which the par- 
ticles are adjacent to one another and one In which the particles overlap one another. 

The particle diameter of the fine partldes used In the film of fine partldes falls within a range of from several 
angstroms to several thousand angstroms, with the particularly preferred range being 10 A to 200 A. The film 
thickness of the film of fine particles is suitably selected upon taking into consideration the following conditions: 
conditions necessary for achieving a good electrical connection between the element electrodes 1102 and 
1103. conditions necessary for carrying out energization forming, described later, and conditions necessary 
for obtaining a suitable value, described later, for the electrical resistance of the film of fine partides per se. 
More specifically, the film thickness is selected in the range of from several angstroms to several thousand 
angstroms, preferably 1 0 A to 500 A. 

Examples of the material used to form the film of fine partides are the metals Pd, Pt Ru, Ag, Au, Tl. In. 
Cu, Cr. Fe. Zn, Sn, Ta, W and Pb, etc., the oxWes PdO. SnOa, InaOj, PbO and SbjOj, etc., the borides HfB2, 
ZrBz, LaBa. CeBc YB4 and GdB4. the cart)ides TiC. ZrC, HfC. TaC, SiC and WC. eta, the nitrides TIN, 2rN and 
HfN. etc., the semiconductors SI, Ge, etc.. and carbon. The material may be selected appropriately from these. 

As mentioned above, the electrically conductive thin film 1104 is formed from a film of fine partides. The 
sheet resistance is set so as to fall within the range of from 10^ to 10^ O/sq. 

Since it is preferred that the electrically conductive thin film 1104 come into good electrical contact with 
the element electrodes 1102, 1103. the adopted structure is such that the film and the element electrodes par- 
tially overlap each other. As for the methods of achieving this overlap, one method is to build up the device 
from the bottom in the order of the substrate, element electrodes and electrically conductive film, as shown 
in the example of Fig. 27B. Depending upon the case, the device may be built up from the bottom in the order 
of the substrate, electrically conductive film and element electrodes. 

The electron emisston portion 1105 Is a fissure-shaped portton fonmed in part of the electrically conductive 
thin film 1104 and. electrically speaking, has a resistance higher than that of the sunounding conductive thin 
film. The fissure ts formed by subjecting the electrically conductive thin film 1104 to an energization forming 
treatment described later. There are cases in whk;h fine partides having a partlde diameter of several ang- 
stroms to several hundred angstroms are placed inside the fissure. It should be noted that since it is diff k:ult 
to illustrate, finely and accurately, the actual positbn and shape of the electron emission portk)n, only a sche- 
matic illustration is given in Figs. 27A. 27B. 

The thin film 1113 comprises carbon or a carbon compound and covers the electron emission portk)n 1105 
and its vicinity. The thin film 1113 Is formed by carrying out an electrification activation treatment described 
later, after the energization forming treatment 

The thin film 1113 is one or a mixture of slngle-aystal graphite, polyaystalllne graphite or amorphous car- 
bon. The film thickness preferably Is less than 500 A, especially less than 300 A. 

It should be noted that since it Is difficult to predsely Illustrate the actual position and shape of the thin 
film 1113. only a schematic illustration is given in Figs. 27A 27B. Further, In the plan view of Rg. 27A, the 
element is shown with part of the thin film 1113 removed. 



14 



EP0 688 035 A1 



TTie desired basic conslruction of the element has been described. The follcwirig element was used in this 
embodiment -"imi:. 

AiJ'f^^Z.^^^f^^^ "l^'^r ^^"^ ^^^^"^^^ 1101. and a thin film of Nl was used as the element electrodes 
Im '11 ^^ckness d of the element electrodes was 1000 A. and the electrode spacing L was 2 um 
Pd or PdO was used as the main Ingredient of the film of fine particles, the thickness of the film of fine partldas 
was about 100 A, and the width W was 100 urn. pamaes 

The method of manufacturing the preferred planar-type of the surface-conduction electron emission ele 
ment will now be described. 

Figs 28A - 28E are sectional views for describing the process steps for manufacturing the surface-con- 
duction electron emission element Portions similar to those in Fig. 27 are designated by like reference nu- 
merais. 

(1) First, the element electrodes 1102, 1103 are formed on the sutwtrate 1101. as shown in Fig 28A. 
With regard to formation, the substrate 1101 Is cleansed sufficiently In advance using a detergent cure 

nl^u^'""^"^ ^•^""^ "^"^ '^^Pos'te*'- (An example of ttle de- 

position method used Is a vacuum film forming tachnlquo such as vapor deposition or sputtering ) ■mereaffer 
the deposited electrode material is patterned using photolithography to form the pair of electrodes 1102. 1103 

shown In Fig. 2&A. ' 

(2) Next, the electrically conductive thin film 1104 is formed, as shown in Fig. 28B. With regard to formation 
the substrate of Fig. 28A is coated with an organic metal solution, the latter is allowed to dry. and heatino and 
calcination treatments are applied to fonn a film of fine particles. Patterning is then carried out by photditho- 
graphic etching to obtain a prescribed shape. The oiganlc metal solution is a solution of an organic metal com- 
pound ,n whi<A the main element is the material of the fine particles used in the electrically conductive film 
(Spedflcai^Pdwas used as the malnelementin this em^^^ 

as he method of application in this embodiment However, other methods which may be used are the solnner 
method and spray method.) !»pinner 

Further, besides the method of applying the organic metal solutton used In this embodiment as the method 
of forming the electrically conductive thin film made of the film of fine particles, there are cases in which use 
IS made of vacuum deposition and sputtering or chemical vapor deposition. 

(3) Next as shown in Fig. 28C. a suitable voltage is applied across the element electrodes 1102 and 1103 
from a forming power supply IllO. whereby an energization forming treatment is carried out to form the elec- 
tron emission portion 1105. 

«n7''^!??'™"**" ^"""'"^ 'I'eatment includes passing a current through the electrically conductive thin film 
1104. which is made from the film of fine partldes. to locally destroy, deform or change the property of this 
portion^ thereby obtaining a structure ideal for performing electron emission. At the portion of the electrically 
conductive film, made of the film of fine particles, changed to a structure Ideal for electron emission (i e the 
electron emission portion 1105), a fissure suitable for a thin film is fom«d. When a comparison Is made with 
the situation prior to formation of the electron emission portion 1105. it is seen that the electrical resistance 
measured between the element electrodes 1102 and 1103 after formation has increased to a major deqree 

In order to give a more detailed description of the electrification method, an example of a suitable voltage 
waveform 8uppi«d from the fomiing power supply 1110 Is shown in Fig. 29. In a case where the electrically 
conducive film made of the film of fine particles is subjected to forming, a pulsed voltage is preferred In the 
case of UiB embodiment triangular pulses having a pulse width T1 were applied consecutive-ly at a pulse in- 
terval U as illus rated In the Figure. At this time, the peak value Vpf of the triangular pulses was gradually 
increased. A monitoring pulse Pm for monitoring the formation of the electron emission portion 1105 was In- 
serted between the triangular pulses at a suitable spacing and the current which flows at such time was meas- 
ured by an ammeter 1111. 

In this embodiment under a vacuum of, say, 10^ Tonr, the pulse width T1 and pulse interval T2 were made 
1 msec and 10 msec, respectively, and the peak voltage Vpf was elevated at increments of 0.1 V every pulse 
The monitoring pulse Pm was Inserted at a rate of once per five of the triangular pulses. The voltage Vpm of 
the rnonltonng pulses was set to 0.1 Vso that the forming treatment would not be adversely affected. Electri- 

,'1 ^ ' """"'y ^' "'"^e that the current measured by the ammeter 1111 

at applteation of the monitoring pulse fell below 1 X 10-' A. 

„f .h?* "l!!!!!^ " ^^^""^'^ surfaceH»nductlon electron emisston element 

0 his embodiment In a case whero the material or film thfckness of the film consisting of the fine particles 
or the des^n of me surface-conductton electron emisston element such as the element-electrode spaclna L 
Is changed. It is desired that the conditions ofelectriflcation be altered accordingly 

(4) Next as shown In Fig. 28D. a suitable voltage from an activating power supply 1112 was impressed 
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across the element electrodes 1102, 1103 to apply an electrification activation Ireatnnent, thereby improving 
the electron emission characteristic. 

TTib electrification activation treatment Imroh^es subJecUng the electron emission portion 1105, which has 
been formed by the above-described energization forming treatment, to electrification under suitable condi- 

s tions and depositing carbon or a cart>on compound In the vicinity of this portion. (In the Figure, the deposit 
consisting of carbon or cart>on compound Is Illustrated schematically as a member 1113.) By carrying out this 
electrification activation treatment, the emission current typically can be increased by nK)re than 100 times, 
at the same applied voltage, in comparison with the cunrent before application of the treatment 

More specifically, by periodically applying voltage pulses in a vacuum ranging from lO^to 10-«TorT. carbon 

10 or a cartx>n compound in which an organic compound present in the vacuum serves as the source is deposited. 
The deposit 111 3 is one or a mbcture of single-crystal graphite, polycrystalline graphite or amorphous carbon. 
The film thickness is less than 500 A, preferably less than 300 A. 

In order to give a nrK}re detailed description of the electrification method for acthration. an example of a 
suitable waveform supplied by the activation power supply 1112 Is Illustrated In Rg. 30A. In this embodiment, 

is the electrification activation treatment was conducted by periodically applying rectangular waves of a fixed 
voltage. More specifically, the voltage Vac of the rectangular waves was made 14 V, the pulse width T3 was 
made 1 msec, and the pulse interval T4 was made 10 msec The electrification conditions for acthration men- 
tioned above are desirable conditions in relation to the surface-conduction electron emission element of this 
embodiment. In a case where the design of the surface-conduction electron emission element is changed, it 

20 is desired that the conditions be changed accordingly. 

Numeral 1114 in Rg. 28D denotes an anode electrode for capturing the emission current le obtained from 
the surface-conduction electron emission element The anode electrode Is connected to a DC high-voltage 
power supply 1115 and to an ammeter 1116. (In a case where the activation treatment is canled out after the 
substrate 1101 is installed in the display panel, the phosphor surface of the display panel Is used as the anode 

25 electrode 1114.) 

During the time that the voltage is being supplied from the acthmtlon power supply 1112, the emission cur- 
rent le is PDeasured by the ammeter 1116 to nK>nitor the progress of the electrification activation treatment 
and the operation of the activation power supply 1112 is controlled. Fig. 30B illustrates an example of the emis- 
sion current le measured by the ammeter 1 116. When the pulsed voltage starts being supplied by the activation 
30 power supply 1112, the emission current le increases with the passage of time but eventually saturates and 
then almost stops increasing. At the moment the emission current le thus substantially saturates, the applica- 
tion of voltage from the activation power supply 1112 is halted and the activation treatment by electrification 
is terminated. 

It should be noted that the above-mentioned electrification conditions are desirable conditions in relation 
35 to the surface-conduction electron emission element of this embodiment In a case where the design of the 
surface-conduction electron emission element is changed, it Is desired that the conditions be changed accord- 
ingly. 

Thus, the planar-type surface-conduction electron emission element shown in Fig. 28E is nwnufactured 
as set forth above. 

40 

(Step-type surface-conduction electron emission element) 

Next one more typical construction of a surface-conduction electron emission element In which the elec- 
tron emission portion or Its periphery is formed from a film of fine particles, namely the construction of a step- 

^ type surfac^conduction electron emission element will be described. 

Rg. 31 Is a schematic sectional view for describing the basic construction of the step-type element Nu- 
meral 1201 denotes a substrate, 1202 and 1203 element electrodes, 1206 a step forming member, 1204 an 
electrically conductive thin film using a film of fine particles, 1205 an electron emission portion formed by an 
energization forming treatment and 1213 a thin film formed by an electrification activation treatment. 

^ The step-type element differs from the planar-type etement In that one element electrode (1202) is pro- 
vided on the step fonming member 1206. and in that the electrically conductive thin film 1204 covers the side 
of the step forming member 1206. Accordingly, the element-electrode spacing t In the planar-type surface- 
conduction electron emission element shown in Fig. 18 b set as the height Ls of the step forming member 1206 
In the step-type element The substrate 1201 , the element electrodes 1202. 1203 and the electrically conduc- 

55 tive thin film 1 204 using the film of fine particles can consist of the same materials mentioned tn the description 
of planar-type element An electrically Insulating material such as SiO, Is used as the step forming member 
1206. 

A method of manufacturing the step-type surface-conduction electron emission etement will now be de- 
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scribed. Figs. 32A - 32F are sectional views for describing the manufacturing steps. The reference characters 
of the various members are the same as those in F^. 31 . 

(1) First, the element electrode 1203 is formed on the substrate 1201, as shown in Fig. 32A. 

(2) Next, an insulating layer for forming the step forming member is built up. as shown In Fig. 32B. It will 
suffice if this Insulating layer ts formed by bujldlng up SiOj using the sputtering method. However, other 
film forming methods may be used, such as vacuum deposition or printing, by way of example. 

(3) Next, the element electrode 1202 te fonmed on the Insulating layer, as shown in Fig. 32C. 

(4) Next, part of the insulating layer is renwved as by an etching process, thereby exposing the element 
electrode 1203. as shown In Fig. 32D. 

(5) Next, the electrically conductive thin film 1204 using the film of fine particles is formed, as shown in 
Fig. 32E. In order to form the electrically conductive thin film, it will suffice to use a film forming technique 
such as painting in the same manner as in the case of the planar-type element 

(6) Next, an energization forming treatment is carried out in the same manner as in the case of the planar- 
type element thereby fonming the electron emission portion. (It will suffice to carry out a treatment similar 
to the planar-type energization forming treatment described using Fig. 28C.) 

(7) Next as in the case of the planar-type element the electrification activation treatment is performed 
to deposit carbon or a carbon compound on the vicinity of the electron emission portion, (it will suffice to 
can*y out a treatment similar to the planar-type electrification activation treatment described using Fig 
28D.) 

Thus, the step-type surface-conduction electron emission element shown in Fig. 32F is manufactured as 
set forth above. 

(Characteristics of surface-conduction electron emission element used in display apparatus) 

The element construction and method of manufacturing the planar- and step-type surface-conduction 
electron emission elements have been described above. The characteristics of these elements used In a dis- 
play apparatus will now be described. 

Fig. 23 illustrates a typical example of an (emission current le) vs. (applied element voltage Vf) character- 
istic and of an (element current If) vs. (applied element voltage Vf) characteristic of the elements used in a 
display apparatus. These characteristics are changed by changing the design parameters such as the size and 
shape of the elements. 

The elements used in this display apparatus have the following three features in relation to the emission 
current le; 

First when a voltage greater than a certain voltage (referred to as a threshold voltage Vth) is applied to 
the element the emission cunrent le suddenly increases. When the applied voltage Is less than the threshold 
voltage Vth, on the other hand, alnx^st no emission cun-ent le Is detected. In other words, the element Is a non- 
linear element having the clearly defined threshold voltage Vth with respect to the emission current le. 

Second, since the emission cunrent le varies in dependence upon the voltage Vf applied to the element 
the magnitude of the emission cunrent le can t>e controlled by the voltage Vf. 

Third, since the response speed of the current le emitted from the element is high in response to a change 
in the voltage Vf applied to the element the amount of charge of the electron beam emrtted from the element 
can be controlled by the length of time over which the voltage Vf is applied. 

By virtue of the foregoing characteristics, surface-conduction electron emission elements are ideal for use 
In a display apparatus. For example. In a display apparatus In which a number of elements are provided to 
con-espond to pixels of a displayed Image, the display screen can be scanned sequentially to present a display 
If the first characteristic mentioned above Is utilized. More specifically, a voltage greater than the threshold 
voltage Vth is suitably applied to driven elements In confonmity with a desired light-emission luminance, and 
a voltage less than the threshold voltage Vth is applied to elements that are in an unselected state. By se- 
quentially switching over elements driven, the display screen can be scanned sequentially to present a display. 

Further, by utilizing the second characteristic or third characteristic, the luminance of the light emission 
can be controlled. This makes it possible to present a grayscale display. 

(Structure of multiple electron beam source having number of elements wired In form of simple matrix> 

Described next will be the structure of a multiple electron beam source obtained by arraying the aforesaid 
surface-conduction electron emission elements on a substrate and wiring the elements In the form of a matrix. 

Fig. 33 Is a plan view of a multiple electron beam source used In the display panel of Fig. 12. Here surface- 
conduction electron emission elements similar to the type shown in Fig. 27 are arrayed on the substrate and 
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these elements are wired in the form of a matrix by the row-direclion wiring electrodes 1003 and column-di- 
rection wiring electrodes 1 004. An Insulating layer (not shown) is fomned between the electrodes at the portions 
where the row-direction wiring electfxxJes 1003 and column-direction wiring electrodes 1 004 Intersect, thereby 
maintaining electrical insulation between the electrodes. 

6 Rg. 34 Is a sectional view taken along line A-A* of Fig. 33. 

it should be noted that the multiple electron source having this structure is manufactured by forming the 
row-direction wiring electrodes 1003, coiunm-direction wiring electrodes 1004, inter-electrode insulating layer 
(not shown) and the elenrtent electrodes and electrically conductive thin film of the surface-conduction electron 
emission elements on the substrate In advance, and then applying the energization forming treatment and 

10 electrification activation treatment by supplying current to each element via the row-direction wiring electrodes 
1 003 and column-direction wiring electrodes 1 004. 

Second Embodiment 

IS A second emtKKtlment of the present invention will now be described with reference to Fig. 19. 

The structure of the surface-oonductbn electron emission elements and panel In the second embodiment 
is the same as that of the first embodimenL 

In Fig. 19, numeral 201 denotes a display panel in which the aforementioned surface-conduction electron 
emission elements are arranged In the form of a matrix. This panel is the same as the pan el 101 described in 
20 the first embodiment 

Further, a scanning drcuit202. control circuit 203. shift register 204 and latch circuit 205 are identical with 
the scanning circuit 102, control circuit 103, shift register 104 and latch circuit 105 described in the first em- 
bodiment 

Numeral 206 denotes a pulse-width modulating circuit which generates a signal having a pulse width con- 
25 forming to the latched data. The pulse-width nrK>dulatlng circuit 206 Is controlled by a timing signal Tmod, which 
signifies a request for nK)dulatlng In row units, from the control circuit 203. 

Numeral 207 denotes a voltage/current converting circuit, which identical with that of the first embodiment 
The manner in which actual input waveforms from the pulse-width modulating circuit 206 are converted 
by the voltage/current converting circuit 207 is shown in Figs. 20A - 20C. Fig. 20A illustrates the input voltage 
30 wavefonn. Fig. 20B the waveform of the current which flows into an element, and Fig. 20C the waveform of 
current emitted. 

By virtue of the arrangementdescribed above, it is possible to improve upon the leakage current fluctuation 
in this embodiment as well, thus maldng it possible to perform drive at a substantially uniform distribution. As 
a result, a high-quality image having little luminance distribution can be formed. 
35 In this embodinr>ent, a digital video signal (indicated at numeral 5000 In Fig. 1 9), which readily lends itself 

to data processing, is used as the Input video signal. However, this does not impose a limitation upon the In- 
vention, for an analog video signal may be used. 

Further, in this embodiment the shift register 204, which is convenient in terms of processing a digital sig- 
nal, is employed in the serial/parallel conversion processing. However, this does not impose a limitation upon 
40 the invention. For example, by controlling storage addresses in such a manner that these addresses are 
changed in successwe fashion, use may be made of an random-access memory having a function equivalent 
to that of the shift register. 

By virtue of the an^ngement described above, it Is possible to improve upon the problem of inconstant 
leakage current This makes It possible to perform drive at a substantially unifonm distribution In relation to 
« the anwunt of electron emission from each electron source. As a result a high-quality Image having little lu- 
minance distribution can be formed. 

The display apparatus of this embodinoent can be applied widely in a television apparatus and in a display 
apparatus connected directly or indirectly to varickis Image signal sources such as computers, image memories 
and communication networks. The image display apparatus is well suited to large-screen displays that display 
so Images having a large capacity. 

The present invention Is not limited solely to applications in which there Is direct viewing by a human being. 
The present invention may be applied to a light source of an apparatus which records a light image oh a re- 
cording medium by light as in the manner of a so-called optical printer. 

in this embodlnwnt, the Inventton is applied to surface-conduction electron emission elements which, be- 
55 cause of their structure and ease of nwnufacturo, are the best suited of the cold cathode electron sources for 
application to a display apparatus. However, the applteable is applicable to other cold cathode electron sources 
as welt 
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Third Embodiment 



A thifxl embodiment will now be described with reference to Fig. 21. Shown In Fig. 21 are an electron gen- 
erating device 8011 having a plurality of elements, a controlled constant current unit 8012 for passing a con- 
stant current, a correction-current determining unit 8013, and colunm wires Dy,, Dya, Dy„ and row wiring ter- 
minals D,|, Dx2. of the electron generating device 8011. 

The correction-cunrent determining unit 801 3 corrects a drive signal and produces a correction current wa- 
vefonm. The correction current waveform is used by the conlrdled constant-current unit 80 1 2 to dedde currents 
to be passed through the terminals Oy^, Oyz, • Dy„ or D»,, 0^, • •. D^m. 

The con-ection-current detenmining unit 8013 can Include a LUT (look-up table) for storing a variance in 
leakage cuaent which flows into elements other than a selected element of a column wire or row wire, and an 
arithmetic circuit which produces a correctfon current for adding this leakage current to the cun-ent of the se- 
lected element Further, the conrectton-currenl detennlning unit 8013 can Include a current monitoring circuit 
which measures a leakage current, and a correction-data creating circuit for creating a LUT (look-up table). 
Furthermore, the coaectlon-current detenmining unit 801 3 can include a LUT (look-u p table) for storing leakage 
resistance, namely the resistance of a leakage current component In a column wire or row wire, and a voltage 
monitoring circuit for measuring the potential of the tenminals Oy,. Dyj, Dy„ or D^i, 0^2, 0^. 

In order to decide the conrectton current use may be nrade of a LUT storing leakage current a LUT storing 
wiring resistance of a leakage current component or a LUT storing electron-beam generation efficiency of an 
element 

The controlled constant-current unit 8012 Includes a controlled current source which drives current through 
a column wire or row wire, based on a oon^'on current waveform oulputted by the correction current deter- 
mining unit When the correction current waveform Is outputted as a voltage signal, a V/l converting circuit can 
be used as the controlled current source. The V/l converting circuit may be a current mirror circuit which con- 
structs a controlled conslant-current source, a circuit having a Darlington-connected transistor, a constant- 
current diode, etc. Further, the correction current waveform can be set for each respecth^e column wire or row 
wire. 

Examples of the cold cathode elements are surface-conduction electron emission elements or field emitter 
(FE) elements which generate electrons when a voltage is applied thereto. It is believed to be easier for a cur- 
rent to flow through a surface-conduction electron emission element than through an FE element For this rea- 
son, major advantages are obtained by applying the present inventfon to surface-conductton electron emission 
elements. 

An Image display apparatus to which the present inventton is applied can be used in a television or com- 
puter monitor and is partteularly well suited to lai^e-screen displays. 

By using the controlled constant-current unit 8012 of this embodiment, the e.ossopm current fluctuation 
due to the leakage current fluctuation mentioned above can be prevented. By using the LUT storing element 
electron-beam generation efficiency and the connection-data creating circuit in the correctton-cun-ent deter- 
mining unit 8013, the variance in electron emissbn quantity, which depends upon the particular element can 
be corrected. By using the LUT storing leakage current and the correction-data creating circuit of the correctton- 
current determining unit 8013, leakage current to half-selected elements can be compensated for while cor- 
recting for a disparity in leakage current for each wire mentioned above, thus making it possible to obtain an 
electron-emission quantity in line wrth the video luminance signal. Furthennore, by using the LUT storing leak- 
age resistance and the voltage monitoring circuit of the correctton-cument determining unit 801 3. it is possible 
to prevent a variation In the strength of electron beams, which are emitted from the cold cathode elements, 
owing to the pattern of the display Image mentioned above. 

Thus, by using the electron generating device of this embodiment a constant current can be passed 
through the elements. Since the constant current is the optimum constant current for a selected element it is 
possible to obtain an amount of emission electron current that Is uniform for each element 

Furthermore, by using the image display apparatus of this embodiment an optimum current flows through 
the selected element As a result there is obtained an image display apparatus in which there is no variance 
in the amount of electron-beam emission of each element and. hence, no non-uniformity in brightness. 

Fourth through eighth embodiments described next are examples of an Image display apparatus. A mul- 
tiple electron source composed of surface-conduction electron emission elements Is used as the electron 
source of an image display apparatus. Pbtels and surface-conduction electron emission elements are In one- 
to-one con-espondence. Consequently, the surface-conductton electron emisston elements include surface- 
conduction electron emission elements corresponding to red pixels, surface-conduction electron emisston ele- 
ments corresponding to blue pixels and surface-conductton electron emisston elements con-esponding to 
green pixels. If a current is passed through a selected surface-conduction electron emission element, the pbcel 
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corresponding thereto emits light Accordingly, if Image processing is executed and a plurality of surface-con- 
duction electron emission elements are selected, an image display can t>e presented without deflecting eleo- 
trons, as is done In a CRT-type image display apparatus. When a plurality of surface-conduction electron emis- 
sion elements In a multiple electron source are selected, a cuaent Is passed through the column wiring or row 
wiring connected to each of these elements. At this time a constant current which does not change In one hor- 
izontal scanning Interval is passed through the column wiring. 

In the fourth through eighth emt>odiments. the invention is descrit>ed with regard to a color-image display 
apparatus in which one surface-conduction electron emission element corresponds to one pixel of a respecth^e 
one of the colors R, B. However, the invention may be applied to any device so long as it is one t>ased upon 
the technical concept of the electron generating device of the present invention. For example, the invention 
may be used not only as a color-image display apparatus but also as a ntonochromatic image display apparatus 
or as a tight source for forming the image in an optical printer. Further, the invention may also be used as an 
exposure device for posttfve-type or negative-type resist Furthermore, the cold cathode elements are not lim- 
ited to surface-conduction electron emission elements. 

Further, with regard to drive of the Image display according to the fourth through eighth embodiments, a 
description Is given of slntultaneous drive of the elements In one row, in which one row Is lit continuously during 
the lime (1 H) that one row is being scanned for the purpose of obtaining a bright display by buying ON time 
for the pixels. 

TTiough the correction calculations are performed after malcing a conversion to a serial signal, these cal- 
culations may be performed using a parallel signal. When correction calculations are performed using a parallel 
signal, the output current of the V/l converting circuit may be changed by changing the resistance values of 
the resistors in the V/I converting circuit According to the fourth through eighth embodiments, the V/l convert- 
ing circuit is disposed in the column wiring and a constant current is passed through the column wiring. 

In the fourth through sixth embodiments, conrection of a variance in the leakage current of column wiring 
using a tUT 1 and correction of a variance in electron emission efficiency using a tUT 2 are performed simul- 
taneously. However, the correction of a variance in the leakage cun-ent and correction of a variance In electron 
emission efficiency may be perfdmried simultaneously. In the seventh and eighth embodiments, the potential 
of column wiring is measured when the image display is being driven and the current that is to be passed 
through the column wiring is decided based upon this potential in order to compensate for a change in voltage 
of the column wiring due to the number of elements lit in the same row. These embodiments may also be adapt- 
ed to correct the electron ennission efficiency of the elements by using the tUT2 in the manner set forth through 
sixth embodiments. 

Fourth Embodiment 

The general features of the fourth embodiment will now be described first This wilt be followed by a de- 
scriptfon of a method of creating the tUT 1, which stores the leakage current of each column wire, and the 
LUT2. which stores the electron emission efficiency of each element. Described in detail next will be the actual 
drive of the image display. 

{4-1, General features of the fourth embodiment} 

In the fourth embodiment, a current, which Is obtained by adding the leakage current of a column wire and 
a current which Is compensation for a variance is electron emission efficiency of an individual element. Is used 
as a constant current passed through the column wire. An image luminance signal for displaying video Is rep- 
resented by the pulse width of this constant current 

Fig. 22 is a diagram which best shows the features of this embodiment This illustrates the flow of a video 
signal from entry of the signal to delivery of the signal to a multiple electron source. In Fig. 22, numeral 4101 
denotes an inr>age display panel beneath which a multiple electron source is disposed. A face plate connected 
to a high-voltage source Va Is placed above the multiple electron source so as to accelerate electrons gener- 
ated by the multiple electron source. Dxi ~ D^m represent row wires of the multiple electron source, and Dy, 
- Dyn represent column wires of the multiple electron source. The terminals of these wires are connected to 
an external electric circuit 

A scanning circuit 4102 Is Internally equipped with nvnumber of switching elements connected to respec- 
tive ones of the wires D,, - D^m- On the basis of a control signal Tscan output led by a timing signal generating 
circuit 4104, the nvnumber of switching elements successively switch the voltages of the wires D., - from 
a non-selection voltage Vns to a selection voltage Vs. Assume now that the selection voltage Vs Is a voltage 
Vxofa DC power supply and that the non-selection voltage Vns is OV (ground level). Fig. 23 is a graph showing 
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the relationship between the elennent voitage Vf and element current If of a surface-conduction electron emis- 
sion element used in this embodiment, or the relationship between the element voltage Vf and emission current 
le of the surface-conduction electron emission element As shown In Fig. 23, the surface-conduction electron 
emission element |s such that the element current tf starts rising from an element voltage of 7 v; which is Just 
6 ahead of a threshold voltage Vth of 8 V. Accordingly, the voltage Vx of the DC voltage source is set In such a 
manner that a constant voltage of - 7 V Is outputted to a row wire to be selected. 

The flow of a video signal will now be described next An entered composite video signal is separated Into 
luminance signals (R, G, B) of the three priniary colors, a horizontal synchronizing signal (HSYNC) and a vert- 
ical synchronizing signal (VSYNC) by a decoder41 03. Atiminggenerator41 04 generates various timing signals 

10 synchronized to the HSYNC and VSYNC signals. The R, G, B luminance signals are sampled and held at a 
suitable timing by an S/H (sample-and-hold) circuit 4105. TTie signals held in the S/H circuit 4105 are applied 
to a parallel/serial (P/S) converter 4106. which converts the signals to a serial signal arrayed in a numerical 
order corresponding to the array of each of the R, G, B phosphors of the image display apparatus. This serial 
video signal is outputted to an arithmetic circuit 41 07. The latter combines this serial video signal with a signal 

15 from a LUT 1 , In which values of leakage currents that flow Into half-selected elements are stored upon being 
measured in advance, and an signal from a LUT 2, In which electron emission efficiencies of respective ele- 
ments with regard to applied voltages are stored. Next, the serial video signal is converted to a parallel video 
signal of each and every row by an S/P (serial/parallel) converting circuit 4110. 

Next, a pulse-width modulating circuit 4111 generates constant-voltage drive pulses having a pulse width 

20 (pulse-application time) corresponding to the video signal intensity. A variance in the efficiency of each element 
is reflected in the pulse height (voltage value of the pulse). The constant-voltage drive pulses are converted 
to constant-current pulses by a V/1 converting circuit 4112. Finally, the constant-current pulses are applied sur- 
face-conduction electron emission elements In the multiple electron source, through the terminals of the col- 
umn-direction wires Dyi - of the multiple electron source, by a changeover circuit 4113. In a column to 

25 which a constant-current pulse has been supplied, only the surface-conduction electron emission element in 
the row to which the scanning circuit 41 02 has been sent will emit an electron beam. Only the phosphor of the 
pixel (dot) In the image display apparatus that conresponds to the surface-conduction electron emission de- 
ment emitting the electron beam emits light Thus, the row to which the scanning circuit 4102 applies the se- 
lection pulse is successively scanned, thereby making it possible to display a two-dimensional image. 

30 

{4-2. Creation of LUTs) 

The LUTs are created t>ecause the compensating values differ for each elenient When an element Is se- 
lected, therefore, each compensating value corresponding to the selected element Is read out of the LUT In 
35 special fashion. A LUT is a semiconductor menrwry such as a RAM or ROM from which data can be read out 
at high speed in conformity with the image display. The leakage current of a column wire which prevails when 
each element is selected is stored in the LUT 1. The electron emisston efficiency of each element is stored in 
the LUT 2, 

A procedure for creating the LUT 1 after the completion of the image display apparatus will be described 

<o first Fig, 24A illustrates a procedure for creating the LUT 1 . in which the leakage cun-ents of column wires are 
stored in advance. When the LUT 1 is created, the outputs D^t. 0x2, O^m of the scanning circuit 4102 are all 
made 0 V. Under these conditwns, the pulse-wklth modulating drcuit4111 generates a voltage pulse having 
a voltage value Vd:try, which is a selection voltage (e.g., 7.5 V, which is a voltage below the threshold value), 
and applies this voltage pulse to the tenmlnals from Dyi to Dy„ In succession. Under the application voltage 

45 Vd:try. any element whatsoever Is In the half-selected state and therefore does not light The timing generating 
circuit 4104 perforn^ timing control conforming to the data at the time of LUT creation. At this time a conrectlon- 
data creating circuit 4114 generates a control signal In such a manner that the output of the pulse-width mod- 
ulating circuit 4111 is applied to the tenminals Dyi, Dy2. "-. Dyn of the image display panel 4101 via a current 
monitoring circuit 4115, The latter detects the element current If, which flows into each column wire, using a 

so monitor resistor within the current monitor circuit 4115. 

The current which flows into a column wire N (where N has any value of from 1 to n) measured by the 
current monitoring circuit 4116 is the sum of the sum total of element cun'ents, which flow when the voltage 
Vd:try is applied to m-number of surface-conduction electron emission elements residing on the column wire 
N, and a current such as leakage cun-ent from the column wire, which flows through portions other than the 

« elements. In other words, If we let lf:try:leak(N) represent a current which flows through the column wire N 
when all elements in the column wire N are In the half-selected state, we have 
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ra 

If : try: leak (N) = loutrleak + X (Vd: try (K,N) ) 

(1-1) 

[where loutleak is leakage current from the column wire ascribabie to portk>ns other than the elements, and 
lf{Vd:try(K«N)} Is the element currant of an element (K,N} when the voltage Vd:try ts applied to the terminal 
DyN]. . 

At the time of actual drive of an image display, how the selection voltage should be applied to a column 
wire or row wire is considered. When the image display is actually driven, selected elements are scanned one 
row at a lime in the vertical direction. This means that there is only one selected element in the column wire 
when the image display is driven. Accordingly, in drive of the image display, assume that the scanning circuit 
102 applies the selection voltage Vs {< 0) only to the row wire M to scan the row wire M. At this time the current 
which flows Into the column wire N Is the sum of the current lf{(Vd-Vs){M,N)} which flows Into a selected element 
and all currents If(Vd(k,N)} (k^eM) which flow into elements other than the selected element Accordingly, if we 
let lf:tot(M,N) represent the current which flows into the column wire N when the row wire M is being scanned 
in drive of the Image display, then we have 

m 

If:tot(M,N) = loutrleak ^ It {Vd(k,N)) (k^tM) + 
If((Vd-Vs) (M,N)) ... (i_2) 

where the sum Itf{Vd{k.N)} (k^M) of the currents which flow into elements other than the selected element 
corresponds to the leakage current Accordingly, we let tf:leak(N) represent the leakage cunrent of the column 
wire N when the row wire M is being scanned in drive of the image display, then we have 

m 

If:leak(N) = loutrleak ^ ^ It CVd{k,N)} (k;<*I) 

(1-3) 

It should be noted that when Vd < Vth (threshold voltage) < Vd - Vs holds, If{Vd(k,N)} is a negligibly smalt value 
in comparison with lf{(Vd-Vs) (M,N)}, as evident from the Vf-lf characteristic of the surface-conduction electron 
emission element in Fig. 23. Further, in an image display apparatus actually used, it is noteworthy that m Is 
greater than 100. This means that lf:try:leak(N) of (1-1) and lf:Ieak(N) of (1-3) may be construed as being es- 
sential equal. It does not matter even if the leakage cunrent is made lf:try:leak(N). Accordingly. lf:try:leak(N) 
will be adopted as the leakage current lf:leak(N) hereinafter. 

In actuality, a trace current flows even if only the half-selection voltage Vd (since the voltage of the row 
wire is zero. Vd = Vf holds) is applied to each element. This means that if the size of the matrix is enlarged so 
that m or n exceeds 100, lf:leak(N) will become a large current that is not negligible. As a result of this current, 
the current which is to flow into a selected element <to which Vf is applied) wilt flow into the other elements in 
the half-selected state and there Is a possibility that an electron beam conforming to the video luminance signal 
will be Incapable of being emitted from the selected element 

In this embodiment, therefore, lf:leak(N) Is passed through the column wire N In additton to a current 
lf:eff(N) passed through the selected element, thereby compensating lf:eff(N). To this end, it is convenient to 
store lf:leak(N) in the tUT 1 in advance. Accordingly, the tUT 1 is given an address space of 1 x n and values 
of lf:leak(N) measured n times are stored at respective addresses of the LUT. For example, tf:leak(k) is stored 
at address (1.k). When an image is displayed and a current is passed through a selected element in the row 
column N. the value of lf:leak(N) is called from the LUT 1 and passed through the column wire In addition to 
the current passed through the selected element For example, when the selection current lf:eff(N) is passed 
through the selected element ((M,N), tf:Ieak(N) that has been stored in the LUT 1 1s used to pass the following 
current Into the column line N: 

lf:tot(N) = If:eff(M.N) + lf:leak(N) (1-4) 
When lf:leak(N) is measured, the leakage current through elements other than the selected element (M.N) 
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may be measured accurately by the measurement method used to obtain Equation (1-3), and the value of \U 
:leak(M,N) dose to the leakage current at the time of the actual Image display may be measured. At this time 
a LUT having an address space of m x n Is prepared and lf:teak(M,N) of the selected element (M.N) Is stored 
at address (M«N) as LUT 1. If this is done, a more accurate correctton can be applied. In actuality, however, 
lf:leak(M,N) does not vary that much due to M. Therefore, It Is effective to assume that lf:leak(M,N) = lf:leak(N) 
holds, make the necessary address space 1 x n as mentioned above, thereby reducing the address space and 
the number of access operations. 

The description thus far Is premised upon the fact that the leakage current lf:leak(N) of each column wire 
N is adopted as the quantity stored in LUT 1, and the leakage current lf:leak(N) is added as an offset (com- 
pensatfon) to the selected element cun^nt lf:eff(N) when an image is displayed. However, the leakage current 
lf:leak(N) varies depending upon the voltage applied to the wiring, though the amount of variation is very small. 
Further, when the change in the applied voltage is suf f iptently small, the relationship between the applied vol- 
tage Vf and the leakage current lf:leak(N) can be construed as being ohmic. Accordingly, ft Is also effective to 
store the admittance of each column wire in LUT 1, calculate the leakage cun-ent ff:leak(N) from this adnr^ttance 
when an Image is displayed and add the calculated leakage current Itieak(N) to the selected element current 
lf:6ff(N). 

A method of fabricating the LUT 2 for storing the electron emission efficiency of each element will be de- 
scnbed next Rg. 24B is a diagram illustrating a method of fabricating the LUT 2. When the LUT 2 is created, 
the selectton voltage Vs (< 0) are successively applied to the row wires, in the same manner as when an image 
is displayed, at the terminals Dxi. 0^, O^n of the row wires, which are the outputs of the scanning circuit 
4104. On the other hand, constant-voltage pulses having a voltage value Vd are successively applied to the 
terminals Dyi to Dyn of the column wires by the pulse-width modulating circuit without the intermediary of the 
V/l converting circuit 4112. This differs from the operation performed when an Image Is displayed. By adopting 
this arrangement, a voltage of (Vd-Vs) Is applied as the selectkin voltage Vf to the selected element (M,N) of 
the column wire N if the voltage drop is negligible. Further, a voltage of Vd, which is substantially the half- 
selectk)n voltage, is applied to elements other than the selected element (M.N) of the column wire N. Accord- 
ingly, if we let lf:try:tot(N) represent the total current which flows into the column wire N, we have 

m 

If :try:tot(N) = loutileak + X t^d: (k,N) > (k;tM) + 
If { (Vd-Vs) (M,N) } ... (2-1) 

The correction-data creating circuit 4114 creates conrectlon data by calculating the electron emission ef- 
ficiency of the each elenwnt based upon monitoring of the currents If and le sensed for each element This 
procedure is described below. 

The total cunrent lf:try;tot(N) which flows into the column wire N is also represented by 
lf:try:tot(N) = lf:leak(N) + lf{(Vd - Vs)(M,N)} (2 - 2) 
in the same nrwnner as lf;tot(N) in Equation (1-2). This lf:try:tot(N) can be measured using the cun-ent moni- 
toring circuit 4115. 

if we let lf:try:eff(M,N) represent the current which flows into the selected element in Fig. 248, then we 
have 

lf:try:eff(M,N) = lf{(Vd - Vs){M,N)) (2-3) 
The electron emission cun-ent le(M,N} per selection current lf:try:eff(M,N) Is referred to as the electron emis- 
sion efficiency. The electron emission current le(M,N) Is measured by the cunrent monitoring circuit, which Is 
for measuring the electron emission current, placed above the multiple electron source. Accordingly, if we let 
il(M.N) represent the electron emission efficiency of the element (M,N), we have 

T1(M,N) = Ie(M,N) /If :try:Gff (M,N) 

= Ie(M,N) /(If :t:ry: tot(N) - If:leak(N)} 

(2-4) 

Since lf:leak(M,N) is called f rem LUT 1 , the electron emission efficiency ti(M,N) Is stored In LUT 2 In an address 
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space of m X n. 

A similar connection can be made using luminance efficiency it* of each pixel (M.N) of the image display 
panel instead of the emission efficiency ii(M.N). Luminance WIum(M,N) of each pixel oorresponding to a sur- 
face-conduction electron emission element (M.N) Is measured using a device capat)le of measuring luminance 
pixel by pixel. The luminance efficiency r\*QA,U) of each pixel Is represented using the selection current 
lf:eff(M,N) which essentially flows into the surface-conduction electron emission elennent (M,N) and the lumi- 
nance WIum(M,N) of each pixel oonresponding to this 6urface^x)nduction electron emission element (M.N). 
The luminance efficiency n'(M.N) can be defined as follows: 

T]'(M,N) = WIum(M,N)/lf:eff(M.N) (2-5) 

When the luminance efficiency ti*(M.N) is stored in the LUT 2 instead of the electron emission efficiency 
r\, the light-emission efficiency of the phosphor of each pixel also can be subjected to a comection. At this time 
the luminance efficiency ii'(M,N) is merely substituted for the electron emission efficiency r\ (M.N) of Equation 
(2-4); the other operations are the same as when the electron emission efficiency n (M.N) was stored In LUT 
2. 

Not only can the creation of LUT 1 or LUT 2 be performed prior to shipping of the Image display apparatus 
but the LUTs may be re-created when the user Introduces power to the apparatus or In the retrace Interval of 
the vertical synchronizing signal (VSYNC) upon elapse of a fixed period of time from display of an image. Fig. 
24C is a flowchart for describing a procedure In a case where the LUT 1 is re-created when power Is introduced 
and upon elapse of a fbced period of time from display of an image. Rrst a signal for changing over the change- 
over circuit 4113 is generated and each column is measured by the method described above using Fig. 24A 
(step 4001). The LUT 1 is then created (step S4002). Next, the image is displayed based upon this LUT 1 (step 
S4003). The second creation of the LUT is performed by sending a LUT-1 update designation signal to the 
changeover circuit 41 13 during the retrace interval of the vertical synchronizing signal (VSYNC), connecting 
terminals Dyt - Dyn of the respective column wires to the current monitoring circuit 4115 and measuring the 
leakage current of each column wire by the method described above with reference to Fig. 24A (step S4001). 
The image is then displayed based upon the new LUT 1 (step S4003). It goes without saying that Issuance of 
the LUT-1 update designation signal is not limited to every retrace interval of the vertical synchronizing signal 
VSYNC buy may be perfonmed over longer intervals in order to reduce power consumption. It will suffice if 
re-creation of the LUT 2 is performed when, say, power is introduced to the apparatus. By thus creating the 
LUTs at fixed intervals, it is also possible to compensate for a change in characteristics caused by aging of 
the elements, thus making It possible to present a uniform display which is stable over a long period of time. 

{4-3. Drive of Image Display) 

Actual drive of an Image display In which current passed through a column wire Is compensated for by 
using the LUTs 1 and 2. created as set forth above, will now be described In detail. Fig. 25 Is a diagram showing 
the arithmetic circuit 41 07. A video luminance signal enters the arithmetic circuit 4107 from the P/S converting 
circuit 4106. Assume that a video luminance signal 4301 for lighting the element (M,N) enters at a certain liming. 
At this time the timing generating circuit 4104 issues an instruction for accessing the address (1,N) of LUT 1 
and the address (M,N) of LUT 2 to fetch the correction current quantity lf:leak{N) from LUT 1 and the electron 
emission efficiency ii(M,N) from LUT 2. The selection current lf;eff(M.N) [= le(M.N)/ti(M,N)] is obtained from 
the fetched electron emission eff idency ti(M,N) and set reference value le of electron emisston current The 
cun-ent lf:tot(M,N) [= lfdeak(N) + lf:eff(M.N)I passed through the column wire N when the element (M,N) Is lit 
is calculated from the obtained lf:eff(M,N) and the fetched tf:leak(N). This operation Is perfonmed by a dhdding 
circuit 4303 and an adder 4304. The signal lf:tot(M,N) thus obtained is delivered to the S/P converting circuit 
4110. The S/P converting circuit 411 0 stores one line of the signal lf:tot(M,N) which Is sent successively In sync 
with the HSYNC signal. Furthenmore, the pulse-width modulating circuit 4111 converts lf:tot(M,N) to a pulse- 
width modulated signal and distributes this signal to each of the n-number of wires. The distributed n-number 
of pulse- width nrK)dulated signals are supplied to the panel via the V/l converting circuit 4112. 

The V/l converting circuit 4112 is a circuit for controlling the current passed through a selected surface- 
conduction electron emission element in dependence upon the pulse of the entered modulated signal. Fig. 15, 
which has already been described, shows the internal construction of the circuit 4112. The V/l converting circuit 
4112, which Is equivalent to the circuit 107 In Fig. 15. is equipped with the V/l converters 301 the number of 
which is equal to the number (n) of column wires. The outputs of the V/l converting dncult 4112 are connected 
to the tenmlnals (Dy^, Dyj, Dyn) of the column wires. Fig. 16, which has already been described. Illustrates 
the Internal circuitry of each V/l converter 301. 

By way oif example, the demand value le of the electron emisston current Is assumed at 1 fiA. If the electron 
emission efficiency ti(M,N) read out of LUT 2 is 0.1 % and the leakage cun-ent lf:leak(N) of the column wire N 
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read out of LLfT 1 is 0.5 mA at this time, then the drive current signal of the column wire N is obtained In acx 
cordance with the following equation: 

rf:tot(M,N) = if:leak(N) + If:eff(M,N) 
= If:leak(N) + Ie/T|(M,N) 
= 0,5 mA + 1 HA/0.1% 
= 1.5 mA ... (3 J 

If, when the element (M.N) has been selected, the current of 1.5 mA thus found is passed through the col- 
umn wire N as a constant current then electrons are emitted from the element (M.N) in the amount of 1 jiA. 
Figs. 26A to 26G are diagrams showing the current passed through a certain column wire, the data in a LUT 
relating to this column wire, etc. Attention will be directed toward the first column wire of the Image display 
panel to describe a temporal change in data in the circuitry or wiring associated with the first column wire. Here 
Fig. 26A represents a synchronizing signal, Fig. 26B, the number of a selected element to be lit (this number 
also represents the number of the LUT1 and LUT 2 accessed). Rg. 26C. a video luminance signal of a selected 
pwel. Fig. 26D, the reactive current waveform of the first column wire from LUT 1 , Fig. 26E, the electron emis- 
sion efficiency Ti(M,N) of each address from the LUT 2, Fig. 26F, the magnitude of the current lf:tot(M,1) passed 
through the wiring of the first column wire, and Fig. 26G. the electron emission current le of the selected sur- 
face-conduction electron emission element (M,1 ) (M = 1 , 2. 3. 4. 5). By performing the calculation of Equation 
(3), a current waveform [of the kind shown In Fig. 26F] corresponding to each element can be calculated. By 
performing a correction of current wavefonn of the kind shown at Fig. 26F, an uniform electron emisston current 
of the kind shown at Fig. 26G Is obtained. 

{4.4 Effects of Fourth Embodiment) 

By passing the leakage current of each column wire stored in LUT 1 through each column wire in conformity 
with the selection current, it is possible to compensate for the an>ount of current which flows through unselected 
elements. Further, a variance in the eff teiency of each element can be corrected by using the electron emission 
efficiency of each surface-conduction electron emission element, or the luminance efficiency of each pixel, 
which is stored In LUT 2. Therefore, even If a multiple electron source having many electron sources Is wired 
in the form of a ma true, a desired quantity of electron beams can be generated from each electron source. As 
a result, an image display apparatus using this multiple electron source provkies an attracth^e Image that is 
free of uneven luminance. 

Fifth Embodiment 

In the fifth embodiment, the pulse width of current applied to a column wire is held constant at all times. 
This means that a pulse-width nnodulating circuit is unnecessary. Fig. 35 illustrates the flow of a video signal 
in the fifth embodiment of the tnventk}n from entry of the signal to a decoder 5503 to delivery of the signal to 
an image display panel 5501. In this embodiment, the structure of the surface-conduction electron emission 
elements and panel, the method of creating LUT 1, the method of creating LUT 2 and the V/l converting circuit, 
etc., are the same as In the fourth embodiment The fifth embodiment differs from the fourth embodiment In 
the provision of an arithmetic circuit 5507 and pulse-height converting circuit 5511. The pulse-height converting 
circuit 5511 outputs pulses having a fUed duration but a pulse height that Is commensurate with the output 
data from the S/P converting circuit 551 0. 

Fig. 36 illustrates the flow of data in the arithmetk: circuit 5507. A video luminance signal enters the arith- 
metic circuit 5505 from a P/S converting circuK 5506. Assume that a display Is presented on the pixel (M,N) 
at a certain timing. The timing generating circuit issues an instruction for accessing the address (1,N) of LUT 
1 and the address (M,N) of LUT 2 to fetch the coaection current quantity lf:leak(N) from LUT 1 and the electron 
emission efficiency ii(M,N) from LUT2. Aslgnal lf:eff(M.N) (= le.L)/{Ti(M,N)(R-1)}) is obtained from the electron 
emission efficiency n(M,N) fetched from LUT 2, the set reference value le of electron emission current lumi- 
nance resolution R and a luminance signal L. The cun-ent !f:tot(M,N) (= If:leak(N) + If:eff(M,N)] passed through 
the wire of column N when the element (M,N) Is lit Is calculated from the obtained lf:eff{M,N) and lf:leak(N) 
fetched from LUT 1. This operation Is performed by a dhrlding clrcuH 5603 and an adder 5604. The cun-enl 



25 



EPOeaS 035 A1 



amplitude signal lf:tot(M.N) thus obtained is delivered to the S/P converting circuit 5110. The S/P converting 
circuit 5110 converts the current amplitude signal Ifttot(M.N) to parallel and distributes this signal to each of 
the fwiumberof wires. The distributed n-number of controlled constant-current signals are supplied to the panel 
via the V/l converting circuit 5112. 

5 By way of example, consider a situation In which the luminance signal has a resolution of 256 gray levels 

and the electron emission current le (the set reference value le) from each element Is set at 1 pA. The luminance 
resolution Is 256 gray levels. In such case the luminance signal will have a nuucimum value of 255 and a mini- 
mum value of 0. Assume that a luminance signal which causes the pbcel to emit maximum light (255) arrives 
when the electron emission efficiency ti(M.N) is 0.1 % and the leakage current lf:leak (N) of wire column N is 

10 0.5 mA at address (M,N). In such case a current amplitude signal 5605, which Is the amplitude of the driving 
current signal, is deckled in accordance with the following equatran: 



If:tot(M,N) = if:leak(N) + If :ef f (M,N) /LX(R-l) 
= If:leak(N) + Ie/T1(M,N) /255X255 
= 0.5 mA + 1 fiA/0.1%/255x255 
= 1 . 5 mA - • • (4) 



If, when the element (M.N) has been selected, the current of 1.5 mA thus found is passed through the col- 
umn wire N as a constant current, then electrons are emitted from the element (M.N) in the amount of 1 jiA. 
Figs. 37Ato 37G are diagrams showing the kind of waveform Into which the actual Input waveform from the 

25 pulse-height modulating circuit 5511 Is converted. Attention will be directed toward the first column wire of the 
Image display panel 5501 to describe a temporal change In data In the circuitry or wiring associated with the 
first column wire. Here Fig. 37A represents a synchronizing signal HSYNC. Fig. 37B, the number of a selected 
element to be lit (this number also represents the LUT1 and LUT 2 accessed), Fig. 37C, a video luminance 
signal of a selected pixel, Fig. 37D, the reactive current waveform of the first column wire read out of LUT 1, 

30 Fig. 37 E, the electron emission efficiency ti(M,N) of the selected element (M,N) read out of the LUT 2, Fig. 
37F. the magnitude of the current lf:tot(M.1) passed through the first column wine, and Fig. 37G, the electron 
emission current le of the selected surface-conduction electron emission element (M.1) (M = 1. 2. 3, 4, 5). By 
performing the calculation of Equation (4), a current waveform [of the kind shown In Fig. 37F] corresponding 
to each element can be calculated. By performing a correction of current waveform of the kind shown in Fig. 

35 37F, an electron emission current of the kind shown in Fig. 37G Is obtained for each luminance signal. This 
signal includes a correction for variance in each element 

Sixth Embodiment 



^ In the sixth embodiment, the luminance signal of an Image compensated for a variance in electron emission 

efficiency ti(M.N) of each element stored in LUT 2 ts represented by time during which cunrent is passed into 
each element, and a correction for a disparity in leakage current due to each column wire is performed based 
upon the anuMint of current passed through each element The flow of signal processing is shown in Fig. 22, 
which was used In the fourth embodiment This embodiment differs from the fourth embodiment In the arith- 

45 metic circuit 4107 and the modulating circuit 4t11 . Fig. 38 Is a diagram showing an arrangement of the arith- 
metic circuit 4107 of the sixth embodiment 

A dividing circuit 6603 calculates a correction luminance signal A(M,N) from the luminance signal applied 
to the element (M,N), the electron emission efficiency ti(M.N) of element (M,N) obtained from LUT 2, and a 
minimum electron emission efficiency r\,f^ from among all of the m x n elements. Assume that this apparatus 

so has a luminance resolution of R gray levels and that the luminance signal L has been applied to element (M,N). 
The circuitry is designed in such a manner that the correction luminance signal A(M,N) of the luminance signal 
L of R gray levels will be as follows: 

A(M,N) = L Wil(M.N)) (5-1) 
A current lf:tot(M,N) passed through the column wire N Is deckled upon compensating the drive current 
55 lf:eff of each element for the amount of a voltage drop asoibable to the wiring. In the sixth embodiment, a va- 
riance In the electron emission efficiency of each elementis compensated for by using the correctton luminance 
signal. Therefore, cun'ent of a constant value Is passed through all m-number of element In the column wire 
N. Accordingly, the current lf:tot(M.N) passed through the column wire N Is as follows: 
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lf:tot(N) = lf:leak(N) + lf:eff (5-2) 
By way of example, assume that the luminance resolution R has 256 gray levels, Ihe luminance signal L 
applied to element (2,1) Is 255. the electron emission efficiency of element (2.1) Is 0.2%. the leakage current 
lf:leaic(1) of the first column wire Is 0.5 mA. the minimum electron emission efficiency iia*i Is 0.1% and the 
drive current Ifieff Is 1 .0 mA. In this case the correction luminance signal A(2.1) of 256 gray levels and the cur- 
rent lf:tot(1) passed through the first wiring column are as follows: 



A(2,l) = L- (Timin/n(2,l) ] 
= 255-0.1/0.2 



123 ... ^5.3j 



If:tot(l) = if:leak(l) + If:eff 
= 0.5mA+l,0inA 

= 1.5 mA ... (5_4) 

Figs. 3gA to 39G are diagrams showing the kind of current waveform into which the actual input waveform 
from the voltage modulating circuit is converted. Attention will be directed toward the first column wire of the 
image display panel to describe a temporal change in data In the circuitry or wiring associated with the first 
column wire. Here Fig. 39A represents a synchronizing signal HSYNC, Fig. 39B, the number of a selected ele- 
ment to be lit (this number also represents the LUT 1 and LUT 2 accessed), Fig. 39C, a video luminance signal 
sent to a selected pbcel, Fig. 39D, the reactive current waveform of the first column wire read out of LUTI, 
Fig. 39 E, the electron emission efficiency ti(M,N) of the selected element (M,N) read out of the LUT 2, Fig. 
39F, the magnitude of the current lfttot(M,1) passed through the first column wire, and Fig. 39G, the electron 
emission current le of the selected surface-conduction electron emission element (M.I) (M = 1. 2, 3. 4, 5). In 
the sixth embodiment, a constant cunrent waveform of the kind shown in Fig. 39F is applied to each column 
wire. Correctk)n of a variance in the electron emission efficiency ti(M,N) of each element is represented by 
the time during which the constant-current pulse of Fig. 39F is applied. Consequently, though the electron 
emission cun-ent (the peak value) differs from one to element to another, as shown in Fig. 39G. the overall 
emission electron quantity per one scan of an element Is held constant if the luminance signal is the same. 

In the sixth embodiment, the vWeo luminance signal and the variance con-ectlon value of electron emission 
efficiency are represented by pulse wWth if the compensating value of leakage currant is constant This means 
that a simply constructed constant-current diode is effective for use as the V/I converting circuit 41 12. Fig. 40A 
shows a symbol representing a constant-current diode, which has the V-l characteristk; shown in Fig. 408. In 
Fig. 408, IL represents the pinch-off current of the constant-current diode. The constant current IL is passed 
even if a bias voltage (E) below the withstand voltage is applied. Accordingly, the current IL which passes 
through a resistor RL Is constant, as shown in Fig. 40C, regardless of the resistance value of the resistor RL, 
which is on the cathode side of the constant^current diode. 

If a constant-current diode is selected In such a manner that the cun-ent lf:tot, which Is necessary for the 
column wire N, and IL will coincide, then the V/I converting circuit can be constructed by a single element In 
a case where the constant-current diode requires a high withstand voltage, constant-current diodes may bo 
serially connected using Zener diodes, as shown In Fig. 40D. When a large cunrent must be passed through a 
column wire, constant-current diodes should be connected in parallel, as Illustrated In Fig. 40E. Though the 
circuitry is somewhat complex, the constant-current characteristic may be improved further if a circuit repre- 
sented by (lout = R1+R2)lp/R1) in Fig. 41 A or a circuit represented by (lout = VZ/R) in Fig. 41 B is used as the 
V/I converting circuit 

In the sixth embodiment; the luminance of a pixel and the correction value of electron emissk>n efffciency 
are represented by pulse wWlh and, hence, the current passed through n-number of column wires is constant 
and independent of pbcel scanning. Accordingly, If the leakage current Is constant the V/I converting circuit 
need not be provided with a mechanism for adjusting the magnitude of the constant current As a result there 
is obtained a simply constructed Image display apparatus In which the V/I converting circuit Is composed solely 
of constant-current diodes. 
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[Seventh Embodiment] 

In the description of the seventh emlxxllment, first the general features will t>e discussed. Second, a meth- 
od of aeatlng a LUT wtO be described, In which the LUX stores the wiring resistance of the leakage current 
component of each column wire. 7>iird, actual drive of an image display will be described In detail. Fourth the 
principles of the seventh embodiment will be described. Fifth, the effects obtained by practicing the seventh 
embodiment will be described. The construction and method of manufacturing the image display panel the 
method of manufacturing a multiple electron source and the method of fabricating a surfece-conductlon elec- 
tron emission element are Identical with those of the first embodiment. 



{1. General Features of the Seventh Embodinr>ent} 

In the seventh embodiment, means are provided for measuring the potentials of n-number of column wires 
at all times. Before the Image display is driven. Uie wiring resistance of tiie leakage current component Is de- 
temilned and stored In advance with regard to all n-numberof the column wires using the potential measuring 
means. When the Image display is driven, first a current which is a combination of the initial value of leakage 
current and the selected element cunrent is passed through each of the n-number of column wires during one 
horizontal scan. Next, the potentials possessed by the n-number of column wires are measured again, the 
amount by which the selected element cunrent has deviated from the ideal value is determined and the constant 
current passed through the column wires is changed. By repeating this operation, the selected element current 
is made to approach the ideal value. In the seventh embodiment, the luminance signal is represented by pulse 
width. 

Fig. 42 Is a diagram which best shows the features of the seventh embodiment This illustrates the flow 
of an Image signal. An entered composite image signal is separated into luminance signals of the three primary 
colors, a horizontal synchronizing signal (HSYNC) and a vertical synchronizing signal (VSYNC) by a decoder 
7103. Atiming generator 7104 generates various timing signals synchronized to the HSYNC and VSYNC sig- 
nals. The R. G. B luminance signals are sampled and held by an S/H <sampIe-and-ho!d) circuit 7105 at a timing 
conforming to the array of pbcels. A multiplexer 71 06 converts the held signal to a serial signal In dependence 
upon the order of the pixels. An S/P (serial/parallel) converting drcuit 7 11 0 converts the serial signal to a parallel 
signal row by row. As a consequence, all of the pixels in one row emit light in conformity with the video luminance 
signal during one horizontal scan. 

A pulse-width modulating circuit 7111 generates drive pulses having a pulse width corresponding to the 
video signal intensity. By using a LUT 71 08, which stores leakage currents that flow out to elements other than 
a selected element at the lime the panel Is driven, and a voltage monitoring circuit 7111, a correction circuit 
7489 con-ects the amplitude of the modulation signal voltage according to each column wire and the selected 
row and generates a constant-voltage pulse having this amount of voltage. A V/l converting circuit 7112 con- 
verts this constant-vdtage pulse to a constant-cunrent quantity. This constant current is sent to each column 
wire. At the same time, rows are selected successively by a scanning circuit 71 02 to present a two-dimensional 
image display. The voltage monitoring circuit 7111 monitors the potentials of the terminals Dy,. Dyj, D of 
the column wires at all times and sends the monitored quantities to the correction circuit. The latter sends'The 
corrected constant-voltage pulses to the V/l converting circuit 71 1 2 in a time which is very short in comparison 
with the time of one scan. The V/l converting circuit 7112 sends constant-cun-enl pulses to the temiinals Dy,. 
Dy2, Dyn of the column wires. As a result, the current which flows Into a selected element during one scan 
converges to a value In line with the desired video luminance signal. 

{2. Creation of LUT} 



In the seventh embodiment, the voltage monitoring circuit 7111 which measures the potentials of the n- 
number of column wires is used to obtain the equivalent resistances of the leakage current components with 
regard to all of the n-number of column wires and to store these values in advance. The equivalent resistance 
of the leakage cun-enl component is referred to as leak resistance Rleak(N). The values of leak resistance 
Rleak(N) are stored in the LUT 

Creation of the LUT will be described with reference to Fig. 43. Fig. 43 is a diagram schematically Illus- 
trating the procedure for measuring the potentials of the terminals Dy,. Dyj. .... Dy„ of the n-number of column 
wires. First, 0 V (ground level) Is connected to the temninals D,„ D^, D^ of the nvnumber of row wires 
whereby the poteritials of the m-numberof row wires are made 0 V Under these condittons, a constant current 
in the amount of the leakage current lftIeak{N) is sent to the n-number of column wire in succession when the 
row wires are held at 0 V The potential V(DyN) of ail of the n-number of column wires is measured by the voltage 
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monitoring circuit 7111. Thereafter, V(DyN)/|f:leak(N) Is calculated by the correction circuit and this value is 
adopted as the leakage resistance Rleak(N). Rnally. the values of leakage resistance Rleak(N) obtained by 
the correction circuit are sent to the correction data creating circuit and these are stored at respective address- 
es of the LUT. The lUT Is given 1 x n addresses and n-number of leakage resistances RleaWN) are stored at 
corresponding addresses. 

By way of example, assume thatthe potential V{DyN) of column wiring measured by the voltage monitorlna 
circuit 7111 is 5 V when the V/E converting circuit 7112 has passed a current of 0.5 mAas the leakage current 
lf:leak{N). At such time the leakage resistance Rleak(N) is as follows: 

V(DyN)/lf:Ieak(N) = 5 V/0.5 mA = 10 kn (6-1) 
The leakage resistance Rleak(N) of 10 kn Is stored at address (1,N) of the LUT This operatton is carried out 
with regard also to column wires other than the column wire N. Naturally, since the drive drcuit is designed so 
that one row of elements is driven simultaneously, the voltage monitoring circuit 71 1 1 is provided for every col- 
umn wire. Accordingly, leakage resistances Rleak(N) of n-number of column wires N can be measured slmul- 
taneously. 

{3. Drive of Image Display} 

Reference will again be had to Rg. 42. In Fig. 42, operation up to entry of the video luminance signal into 
the S/P converting circuit is the same as described in connection with the other embodiment Consequently 
the video luminance signal is represented by pulse height up to entry of the signal into the pulse-width mod* 
ulating circuit 7111. In the seventh embodiment, voltage pulses having the image signal as pulse height are 
changed by the pulse-width modulaUng circuit 7108 to constant-voltage pulses having a pulse wklth in which 
resolution is such that there are R gray levels. Thereafter, the constant-voltage pulses having the gray levels 
as pulse width are changed to constant-current pulses by the V/I converting circuit 7112. 

Fig. 44A Illustrates the V/I converting circuit attached to each column wire. The V/I converting circuit 7112 
is prcvWed for each column wire, as shown In Fig, 44 A Fig. 44B is a specific example of the V/I comrerting 
circuit Here the V/I converting drcuit is of the current minw type. In Fig. 44B. numeral 2601 denotes an op- 
erational amplifier, 2602 a resistor having a resistance value R. 2603 an npn transistor. 2604. 2605 pnp tran- 
sistors and 2613 a terminal to which is connected a circuit through which a constant current must be passed 
Regardless of the kind of impedance drcuit connected ahead of the wiring 2613. the V/I converting circuit pass- 
es a cunrent lout = Vin/R into the circuitry ahead of the wiring 2613 in dependence upon the input voltage Vin 
as long as the impedance is not extremely large. Of course, a drcuit well known for the purpose of constructing 
a constant-cun-ent source may be connected as the V/I converting clrculL 

In the correction drcuit 7489, a compensating constant-voltage pulse is added to the constant-voltage 
pulse having the gray level In the form of pulse width In such a manner that the V/I converting drcuit 7112 will 
pass a constant cun-ent If:tot{N) [= lf:leak(N) + lf:eff J. which is obtained by adding the leakage current If leak(N) 
to the constant current lf:eff passed through the selected element, through eadi of the column wires. 

By way of example, assume that the electron emission current le from all elements is set at 0 6 jiA and 
that the luminance of each pixel is represented by pulse width. In this case, the required element current Ifeff 
IS 0,8 mA. based upon Fig. 23. Accordingly, it will suffice to pass a current lf:leak{N) + 0.8 mA through all n- 
number of the column wires as lf:tot(l^. If the leakage resistance R(N) of any column wire N is 10 kfl at this 
time, then the current lf:lot{N) passed through the column wire N will be as follows: 

If:tot(N) = If:leak(N) + If:eff 
= V(DyN}/Rleak(N) + If:eff 
= 5 V/10 kn + 0.8 mA 
= 1.3 mA 

(6-2) 

[where V(Dyn) is the voltage of terminal DyN measured by the voltage monitoring drcuit]. Accordingly, when 
the ojrrent of 1 .3 mA is passed Into the column wire N from the output of the V/I converting drcuit a current 
of 0.8 mA flows into the selected element and an emission current of 0.6 jiA Is obtained 

If the resistance value R of the V/I converting drcuit Is 1 kft, the correction circuit 7489 outputs a correctton 
signal of 1.3 V as the Input voltage VIn of the V/I converting drcuit 7112 and the output of the V/I convertlna 
circuit delivers a pulse of a constant current of 1 .3 mA. 
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However, the measured potential V{DyN) of the voltage monitoring circuit 7411 differs depending upon how 
elements in the same row as the selected element are lit This will be described with reference to Fig. 45 Figs 
45A to 45H are timing charts of portions associated with the first column wire when elements (M.l) (M = 1 2 
3. 4. 5} are lit one after another. Here Fig. 45A represents a synchronizing signal HSYNC, F»g. 45B. the number 
of a selected element to be lit (this number also represents the number of the LUT accessed). Fig. 45C a video 
luminance signal of pixel (M.1) on the first column wire. Fig. 45D, the leakage resistance Rleak(ri) of the leak 
age current lf:leak(N) component of each column wire from the LUT. Fig. 45E. a video luminance signal of pfacel 
(M,2) on the second column wire. Fig. 45F. the potential V(Dyl) of the first column wire measured by the voltaqe 
monitoring circuit 7111, Rg. 45G. the cunrent quantity lf:tot(M.1) passed through the first column wire and Fta 
45H. the electron emission current le(M.1} emitted from the selected element The electron emission current 
le{M.1) per unit time is constant as indicated in Fig. 45H. with the luminance informatton being represented 
by pulse wWlh. 

Assume that the leakage resistance Rieak(1) of the first column wire is 10 ka At the timing A at which the 
^^'^'^^^ scanning cfrcuit assume that 255. which Is the maximum luminance signal, enters 
pbcel (1,1) and that a luminance signal 0. which does not light any pbcel, enters ail of the pixels in the same row 
with the exception of pbcel (1.1). as Indicated In Fig. 45C. In other words, at timing A, in the fir^t row only the 
pixel (1,1) IS lit at the maximum luminance. In this case attentfon should be directed toward pUel (2 1) of the 
second column, which is indicated in Fig. 45E as being representative of the other pbcels in the san^ row as 
pbcel (1,1). 

On the other hand, at timing B at which the second row is selected by the scanning circuit 7102 consider 
a case where 255, which is the maxin^um luminance signal, enters pbcel (2.1) and 255. which is the maximum 
luminance signal, also enters the pbcels other than this pbcel. In other words, at timing B. all of the pixels in the 
second row light In response to the maximum luminance signal. At this time 255, whtah Is the maximum lumi- 
nance signal, also enters the pbcel (2.2) of the second column Indicated in Fig. 45E. 

In a case such as this, a selection current does not flow Into elements other than (1,1) at timing A. There- 
fore, the current which flows Into the first row wire is only the element current of element (1.1) and the leakage 
currents of elements other than element (1,1) . At this time there is almost no fluctuation in the potential of 
the first row wire and the measured potential V(Dy1) of the voltage monitoring circuit 741 1 is 5 V as planned 
Consequently, a current of 0.8 mA, as planned, flows into the element (1.1) from the constant current of 1 3 
mA. which flowed into the first column wire. 

At timing B, however, a large amount of selectfon element cunrent flows into elements other than element 
(2,1). such as into the element (2,2), and the potential of the second row wire rises in comparison with that of 
the first row at timing A owing to the influence of the resistance of the row wire. Consequently, even though 
pixel (1.1) and pixel (2.1) are provided with the same luminance signals, the measured potential V(DyD of the 
voltage monitoring circuit 7411 differs. This means that while pbcel (1.1) and pixel (2,1) are provided with klen- 
trcal luminance signals at the time of selection, the element current lf:eff(2. 1) is smaller than the element current 
lf:eff(I,1). As a result whereas element (1.1) performs an electron emission of 0.6 pA, element (2 1) performs 
an electron emission of less than 0.6 mA. 

Under these conditions, the brightnesses of the respective pixels will differ even though the luminance 
signals are identical. Therefore. lf:tot(N) is determined, and passed through the first column wire in such a 
manner that the planned element current lf:eff(2,1) of 0.8 nnA will flow from the measured potential V(Dy1) of 
the voltage monitoring circuit 741 1 . Though this will be described later in the section on principles, the measured 
potential V(Dy1) and lf:tot(N) are interrelated in a complex manner. When lf:tot(1) is passed, therefore the 
measured potential V(Dy1) changes. AccordingV. a new lf:tot(1) Is found from the measured potential V(by1) 
as newly determined and this Is passed through the first column wire. Furthermore, a new lf:tot(1) Is found 
from the new measured potential V(Dy1) and this Is passed through the first column wire. A constant If-tot(l) 
will eventually flow in the course of this feedback operation perfomied innumerable times. The optimum ele- 
ment current of 0.8 mA will eventually flow into the elen>ent (2,1). 

(4. Principles) 

The principles of correction according to this embodiment will now be described. Though these principles 
have been established based upon a simple model set up with respect to the characteristtes of a surface-con- 
duction electron emission element used In this embodiment the embodiment provides similar effects even if 
the characteristics of the surface-conduction electron emission element depart from the model 

By using the element current lf:eff(M,N) whteh flows Into a selected element (M.N) In a column wire N as 
well as the leakage current !f:Ieak(N) whteh flows Into elements other than the selected element (M N) the 
constant current lf:tot(N) which the V/1 converting circuit 7112 passes through the c»Iumn wire N is expressed 
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as follows: 

lf:tDl(N) « lf:leak(M.N) + lfieff(M.N) (7-1) 
Accordingty. the leakage current tf:leak(N} In Equation (7.1) is expressed as follows using the element cur- 
rent lf(k«N) (JkM) which flows into a hatf-selected elenoent and the leakage loutleak(N) of current from the wir- 
5 log: 

tf:leak(N) « i:if(k.N)(k^) * loutleak(N) (7-2) 
In a case where the element is constituted by the surface-conduction electron emissk^n element, the element 
current tf whk:h flows into the element is very small if the voltage Vf applied to the element is below Vth. which 
is the threshold value of the applied voltage, as in Fig. 23. Further, at this time the slope dIf/dVf (K.N) of the 

10 element current lf{Vf(K,N)} with respect to the applied voltage Vf may be said to be almost constant, and the 
element current If may be said to be substantially proportional to the applied voltage Vf. In addition, the current 
leakage lout:leak(N) is negligibly smaD in comparison with the sum Ilf(k,N) (k^) of the element currents which 
flow into th^ half-selected elements. Accordingly, the leakage resistance Rleak(N) can be defined as follows: 

Rleak(N) = V(DyN)/If:leak(N) (7-3) 

15 When the LUT is created, the leakage resistance RIeak(N) is stored beforehand at address 1 x N. 

When the In^ge display Is driven, the constant current lf:tot(N) passed through the column wire N is ex- 
pressed as follows using Equatnns (7-2). (7-3): 

mom = VpyN)mieak(N) + lf:eff(M.N) 
(in the seventh embodiment, lf:eff(M.N) is assumed to be independent of M. N) 

20 = V(DyN)/Rleak(N) + tf:eff (7 - 4) 

The constant current lf:tot(N) thus passed through the column wire N can be decided using the element current 
lf:eff necessary for the selected element, the leakage resistance Rleak(N) stored in the LUT and the voltage 
V(DyN) of the terminal DyN measured by the voltage monitoring circuit However, as described above In section 
"{3. Drive of Image Display}', the potential of the selected row wire M changes from the potential applied by 

25 the scanning circuit 7 102 owing totheeffectsof the large amount of element cun-ent that flows into the selected 
element in the same row. Consequently, the fact that a constant current is passed as lf:tot(N) regardless of 
the fact that the potential of the row wire M changes means that the current lf:eff which flows into the selected 
element changes. 

The reason why the element current lf:eff which flows into the selected element is caused to change by 
30 the change in potential ascribable to the row wire M will be described with reference to Fig. 4 6A. Fig. 46B is a 
diagram schematically showing the manner in which the element current If.eff is distributed when the current 
lf:tot(N) is passed through the column wire N. Numeral 2812 denotes a constant-current power supply, 2813 
leakage resistance RIeak, 2815 selected-element resistance RSCE of the selected element, and 281 6 a voltage 
monitoring drcuit. Further, at numeral 2814, a variable-voltage power source Vx is shown as the potential, with 
35 respect to ground level, at the junction of the column wire M and element (M.N) when a half-selection voltage 
is applied in order to select the row wire M. The surface-conduction electron emission element possesses a 
non-linear V-l characteristic, as shown also in Fig. 23. However, if the V-l characteristic is assumed to be linear, 
as when the change in Vf is very small, the resistance RSCE at numeral 2815 may be defined as follows; 

RSCE s WVf (7 - 5) 

40 Further, the voltage monitoring circuit 2816 measures the potential V(DyN) of a wire 2817. When the constant- 
current power supply 2812 passes the current lf;tot in the circuit of Fig. 46A, assume that lleak is the current 
passed through the leakage resistance RIeak 2813 and that ir:eff is the cunrent passed through the resistance 
RSCE 2815 of the selected element In accordance with Ohm's law, the following Is obtained: 
Va = RSCE Ifieff + Vb = lf:leak-Rleak (7 - 6) 
^ From the law of preservatbn of electric charge, 

Ifttot = »f:eff + lf:eff (7 - 7) 

is obtained. 

In order to facilitate subsequent calculations, assume the simplification RIeak = RSCE = 1 kO and assume 
that a current If = SCE 1.5 nriA flows into the selected element If it is assumed that Vb = -1.0 V is the ideal 
50 value, then the voltage monitoring circuit measures 

Va = RSCE.|f:eff - Vb = Rleak-lf:leak = 1 x 1.5 - 1.0 = 1 »< lf:eff (7-8) 
From this we have 

lf:leak = 0.5 nr\A (7-9) 

Accordingly, we have 

55 lf:tot(N) = lf:leak + lf:eff = 0.5 + 1.5 = 2 mA (7-10) 

If the potential of a selected row wire represented by Vx and the potential due to a current which flows into 
the row wire are -1.0 V, then lf:tot(N) passed through the selected row wire becomes 2 mA. Accordingly, the 
constant-cup'ent power supply 2812 should be set so as to pass a current of 2 mA. In actuality, however, it is 
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known that a large current flows into the row wire, depending upon the number of other elements lit in the same 
row. This means that Vx also changes under this influence. 

the principle of this change due to the numt>er of other elements lit In the same row as that of the selected 
element will now l>e described. When row M Is scanned, assume that the only element lit in the row wire M is 
5 the element (M.N). and that other elements (Mk) (where k Is an integer other than N) on the row wire M are 
not lit The current which flows Into the row wire M at this time Is approximately the same as the current Ifctot^N) 
that flows into the column wire N. whk:h includes the selected element (M.N). Assume that Vx = -1.0 V holds 
owing to the voltage applied to the selected row wire M and the change in potential due to the cun-ent which 
flows into the row wire M having wiring resistance. If the potential at the junction between the row wire M and 

10 the scanning drcuit 7102 is Vd. then, since the current which flows into the row wire M is small, this Vd takes 
on a value fairly dose to Vx. Accordingly, this value of Vx [Vx = -1.0(V)] is adopted as the standard value. At 
the end of horizontal scanning of one row of the rows M. assume that only i-number of the other elements 
(M-t-l.k) in row (M+1) are lit In the scanning of row (M+l). At this time a selection current flows Into the other 
I-number of elements In the row wire (M-*-1) and a cun'ent, which Is larger than that when the row wire M was 

IS selected, flows Into the row wire (M^l). As a consequence. Vx departs from the standard value due to the in- 
fluence of the wiring resistance of row wire (M+1). and the potential of Vx rises In comparison with the potential 
which prevailed when the row M was scanned, tf it is assumed that the amount of rise in Vx if 0.2 V so that Vx 
= -0.8 V holds, Va when row (M+1) Is scanned is obtained as follows from Equatk)ns (7-8). (7-9): 

Va = 1 X Ifieff - 0.8 = 1 X Itleak 

20 laot = IfJeak + lf:eff (7-11) 

Solving this gives Va = 0.6 V. If:eff =1.4 mA, Ifdeak = 0.6 mA. In other words, as a result of the fact that Vb 
becomes large, Va rises by 0.1 V from 0.5 V. Consequently, the ratk) of distribution of lf:tot to If:eff and tf:leak 
changes and the value of lf:eff decreases. If the value of lf:tot remains at Vb = 2,0 nnA, we have lf:eff =1.4 
mA, lf:leak = 0.6 mA Since the value of Iteff decreases, the pixel corresponding to this element becomes dark- 

25 er This means that If.iot must be Increased. 

If it is known that Vb = -O.fi V holds, then Va is obtained from Equation (7-11 ) as follows: 
Va = 1.5 X 1 - 0.8 = 0.7 V (7-12) 
Accordingly. If:leak becomes as follows: 

lf:leak = Va/Rleak = 0.7/1 = 0.7 mA (7-13) 

30 In order to pass 1.5 mA through the selected element, therefore. 1.5 + 0.7 = 2.2 mA must be made to flow as 
lf:toL 

In actuality, however, it is difficult to measure Vx and RSCE is obtained in fairly non-linear form, as a result 

of which RSCE is difficult to observe. Accordingly, the current lf:tot to the column wire is changed using Va. 

which is capable of being monitored, and RIeak, which is already known by observation. Thus, a new Va is 
35 determined and the current lf:tot, which is obtained as shown below on the basts of this Va and the ideal value 

lf:eff of the element current which flows Into the selected element, is passed by the constant-current power 

supply 2812 in a first feedback operatk>n. From Equation (7-10) we have 

lf:tot = lf:eff(ideal value) + Va/Rleak (7-14) 

Therefore, the value calculated from Va. which was initially measured as lf:tot, and from lf:eff(ideal value) = 
40 1 .0 mA is passed into the column wire after Va is measured. In other words, lf:tot passed into the column wire 

at the first feedback operation is 

If:tot = If:eff(ideal value) + Va/Rleak 
^ = 1.5 + 0.6/1 =2.1 ... (7-15) 

When this current Is passed and Va Is measured anew, we have Va = 0.65 V. As a result, the cunrent lf:tot splits 
in such a manner that lf:eff = 1.45 mA and lf:leak = 0.65 n^^are established. 
so At this time lf:eff flows in an anraunt of 1.4 mA. Though this is doser by 0.1 mA to the kleal value 1 .5 mA 

of lf:eff. correction is still required. Accordingly, now when the current lf:tot is passed, a current is passed into 
the column wire in such a manner that 

55 If:tot = If:eff(ideal valuel + Va/Rleak: 

= 1.5 + 0.65 = 2,15 mA ... (7-15) 
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is obtained as the current lf:iot passed by the constant-cuirent power supply 2812 in the second feedback op- 
eration, this being derived from Va = 0.65 V measured at the time of the first feedback operation. When lf;tol 
= 2,15 mA is passed Into the column wire, now Va = 0.675 V Is measured as Va, Thus the current Ifitot = 2.15 
mA ftows upon splitting Into lf;eff = 1 .475 mA and lf:!eak = 0.675 mA. In this feedback operation. If:eff draws 
closer to the kieat value 1.5 n^ 

By repeating this feedback that applies the correction. If:eff approaches the kleal value of 1.5 mA, When 
lf:eff conveiTges to establish the equality lf:eff = 1 ,5 mA. we have Va = 0.7 V, lf:leak = 0.7 mA Though the feed- 
back operatk)n is performed, the correctton is carried out using a fast dock signal so that convergence is ach- 
ieved in a time suf fkaently shorter than [1/30 (the time for one screen)]/500 (the vertfcal resolution) = about 6 
X 10-« sec (60 (iS). which is the time needed to light one row (the scanning lime of one row) in a case where 
a televiswn signal is the signal entered Such feedback can be implemented in digital control or high-speed 
analog control using a high-speed dock. 

{5. Effects of Seventh Embodiment) 

According to this embodiment, an electron emission distribution arising from a voltage distribution pro- 
duced in wiring can be conrected in real time while an image is being displayed. This makes it possible to correct 
a temporal change in the voltage distribution of the wiring caused by the pattern of the image display. Further, 
since the electron emission current is constant, a stable image display can be presented using surface-con- 
duction electron emission elements having a non-linear V-l characteristic. As a result, an image display faithful 
to the video luminance signal can be presented. 

For example, as shown in Figs. 53B, 548 and 558, the accuracy of displayed luminance is improved greatly 
in comparison with the conventional method. 

Spedfically, leakage current is controlled by the method of applying suitable voltages Vx, O to row wires. 
This provkles the following effects: 

First, in comparison with the prior-art example shown in Figs. 58, 68, 78, fluctuation in luminance when 
the display pattern is changed can be reduced by a wide margin, as indicated at the arrows P. 

Second, in the prior art, pixels for which the desired luminance is zero still emit light (see q in Fig, 58). 
This can be prevented. 

Third, it is possible to prevent an unselected row from emitting light 

Fourth, with this embodiment, it is also possible to correct for a change in leakage current arising from a 
voltage drop produced by wiring resistance. As a result, a distribution in luminance within one row also can be 
reduced (see Fig. 558). 

As a result of the foregoing, a deviation or fluctuation in luminance and a decline in contrast can be re- 
duced. 

Eighth Embodiment 

In an eighth embodiment, the luminance signal applied to each pixel is represented by the current wave- 
form of a constant-current pulse. This embodiment is similar to the seventh embodiment is other respects. 

Fig. 47 illustrates the flow of signals in the eighth embodiment. Fig. 47 differs from Fig. 42 of the seventh 
embodiment in that the pulse-width modulating circuit 7111 is replaced by a pulse-height modulating drcuit 
8408. The entered composite image signal Is separated into luminance signals of the three primary colors, the 
horizontal synchronizing signal (HSYNC) and the vertical synchronizing signal (VSYNC) by a decoder 8403. 
A timing generator 8404 generates various timing signals synchronized to the HSYNC and VSYNC signals. 
The R. G. B luminance signals are sampled and held by an S/H (sample-and-ho!d) circuit 8405 at a timing con- 
fonming to the array of pbcels. A multiplexer 8406 converts the held signal to a serial signal in dependence upon 
the order of the pbcels. An S/P (serial/parallel) converting circuit 8407 converts the serial signal to a parallel 
signal row by row. 

The pulse-height modulating drcuit 8408 produces a drive pulse having a voltage value commensurate 
with the image signal intensity (in the eighth embodiment, the value of luminance is not represented by the 
pulse wWth of the pulse). By using a LUT 8410, which stores leakage currents that flow out to elements other 
than a selected element at the time the panel Is driven, and a voltage monitoring drcuit 8411 for monitoring 
the amplitude of the panel driving current signal, a correctton circuit 8409 detenmines a voltage quantity cor- 
rected according to each column wire and the selected row. A V/l converting circuit 8412 converts the corrected 
voltage quantity to constant-current pulses of a f bced cun-ent quantity. 

The constant current is passed into each column wire. At the same time, rows are selected successively 
by a scanning circuit 8402 to present a two-dimensional image display. The procedure for creating the LUT 
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8410 is similar to that of the seventh embodiment The principle of correction according to the eighth embodi- 
ment also is simitar to that of the seventh embodiment 

{Drive of Image Display) 

When an image Is displayed according to the eighth embodiment, the value of luminance Is represented 
by the magnitude of the current flowing through the colunui wire. In this embodiment, the pulse-height mod- 
ulatffig circuit 8408 changes the Image signal, which has entered from the S/P converting circuit 8407. to a 
constant-voltage pulse having a pulse height conforming to the image display of R gray levels in terms of re- 
solution. (The pulse width is constant and does not depend upon the scanned row.) Thereafter, the constant- 
voltage pulses having the gray levels as pulse height are changed to constant-current pulses by the V/l con- 
verting circuit 8412. 

The V/I converting circuit 8412 may be constructed by a circuit well known as a constant-cun'ent power 
supply. For example, the V/l converting circuit Is of the current mirror type described at>ove with reference to 
Fig. 44B of the seventh embodiment In the correction circuit 8409. a compensating constant-voltage pulse Is 
added to the constant-voltage pulse having the gray level in the form of pulse height In such a n^anner that the 
V/l converting circuit 8412 will pass a constant current tf:tot(N) [= tfiJeak(N) + Ifieff], whteh is obtained by adding 
the leakage cun'ent lf:leak(N) to the constant current \t.eff passed through the selected element through each 
of the column wires. 

In general, when the video luminance signal which enters the pulse-height modulating circuit 8408 is L, 
the constant-current pulse lf:tot(N) passed through the column wire N is 

lf:lot(N) = lf:leak(N) + lf:eff 
= lf:leak{N) + lf:eff x U{R- 1) (10-1) 
[where V(Dyn) is the voltage of tenminal DyN measured by the voltage nf>onitoring circuit]. 

By way of example, assume that the pixel (M.NQ is lit by a video luminance signal L = 255 from among the 
R = 256, which is the maximum luminance signal, and that it is required that the electron emission current le 
from the element (M.N) at this time be set at 0.6 jiA. In this case, the required element current lf:eff is 0.8 mA, 
based upon Fig. 23. Accordingly, it will suffice to pass a current lf:leak(N) + 0.8 mA through all n-numt>er of 
the column wires as lf:tot(N). If the leakage resistance R(N) of a column wire N is 10 kfl at this time, then the 
current lf;tot(N) passed through the column wire N will be as follows: 

If:tot(N) = If:leak(N) + If:eff 
= V(DyN) /Rleak(N) + Ifreff 
= 5 V/10 m + 0.8 mA 

= 1.3 mA ... (10-2) 

(where V(Dyn) is the voltage of terminal DyN measured by the voltage monitoring circuit). Accordingly, when 
the current of 1.3 mA is passed into the column wire N from the output of the V/l converting dncuit a current 
of 0.8 mA flows into the selected element and an emission current of 0.6 \iA is obtained. 

If the resistance value R of the V/l converting circuit In Fig. 44B Is 1 kQ. the correction circuit 6409 outputs 
a correction signal of 1.3 V as the Input voltage Vin of the V/l converting circuit 8412 and the output of the V/l 
converting circuit delivers a pulse of a constant current of 1 .3 mA. 

However, depending upon how elements In ttie same row as the selected element are lit the leakage cur- 
rent lf:leak(N) varies in the same manner as in the seventh embodiment and, hence, the measured potential 
V(DyN) of the voltage monitoring circuit 8411 differs. This will be described with reference to Figs. 48Ato 48H. 
Figs. 48A to 48H are timing charts of porttons associated wrth the first column wire when elements (M.I) (M 
= 1, 2. 3, 4, 5) are lit one after another. Here Fig. 48A represents a synchronizing signal HSYNC. Fig. 488, the 
number of a selected element to be lit (this number also represents the LUT accessed). Fig. 48C, a video lu- 
minance signal of pixel (M.I) on the first column wire, Fig. 48D, the leakage resistance Rleak(N) of the leakage 
cun'ent lf:leak(N) component of the first column wire from the LUT, Fig. 48E. a video luminance signal of pbcel 
(M.2) on the second column wire, Fig, 48F, the potential V(0y1 ) of the first column wire measured by the voltage 
monitoring circuit 8111. Fig. 48G, the cunrent quantity lf:tot(M,1) passed through the first column wire, and Fig. 
48H. the electron emission current le(M.I) emitted from the selected element In the eighth embodiment, the 
electron emission time of element (M.1) is constant as shown in Fig. 48H, and the luminance information Is 
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represented by pulse height 

Assume that the leakage resistance Rieak(l) of the first column wire is 1 0 kn. At the liming A at which the 
first row wire Is selected by the scanning drcuil, assume that 255. which is the maximum luminance signal, 
enters pixel (1.1) and that a luminance signal 0, which does not light any pbcel. enters all of the pbcels in the 
same row with the exception of pixel (1,1), as Indicated in Fig. 48C. In other words, at timing A. in the first row 
only the pixel (1,1) is lit at the maximum luminance. In this case attentton should be directed toward pixel (2,1) 
of the second column, which is indicated in Fig. 48E, as being representative of the other pixels in the same 
row as pixel (1,1). 

On the other hand, at timing B at whfch the second row wire is selected by the scanning circuit 8402. con- 
sider a case where 255. which is the maximum luminance signal, enters pixel (2.1) and 255, which is the max- 
imum luminance signal, also enters the pixels other than this pixel. In other words, at timing B. all of the pixels 
in the second row light in response to the maximum luminance signal. At this time 255, which is the maximum 
luminance signal, also enters the pixel (2.2) of the second column Indk^ted Fig. 48E. 

In a case such as this, a selection current does not flow into elements other than (1,1) at timing A. There- 
fore, the current which flows into the first row wire Is only the element current of element (1,1) and the leakage 
currents of elements other than element (1,1) . At this time there ts alnwst no fluctuation In the potential of 
the first row wire and the measured potential V(Dy1) of the voltage monitoring circuit 841 1 is 5 V as planned. 
Consequently, a current of 0.8 mA, as planned, flows into the element (1,1) from the constant current of 1.3 
mA. which fk>wed into the first column wire. 

At timing B. however, a large amount of selectbn element current flows into elements other than element 
(2,1), such as into the element (2,2). and the potential of the second row wire rises in comparison with that of 
the first row wire at timing A. Consequently, even though pixel (1.1) and pixel (2,1) are provided with the same 
luminance signals, the measured potential V(Dy1) of the voltage monitoring circuit 8411 differs. This means 
that while pixel (1.1) and pixel (2.1) are provided with identical luminance signals at the time of selection, the 
element cunrenl lf:eff(2,1) becomes smaller than the element current rf:eff(1.1). As a result, whereas element 
(1,1) performs an electron emission of 0.6 jiA, element (2,1) performs an electron emission of less than 0.6 
nA. Under these conditions, the brightnesses of the respective pixels will differ even though the luminance 
signals are identical. As a consequence, an attractive image display is not obtained. 

Accordingly. lf;tot(N) is detenmined by a feedback method identical with that of the seventh embodiment, 
and this current is passed through the first colunrvi wire, in such a manner that the planned element cun-ent 
lf:eff(2.1) of 0.8 mAwill flow from the measured potential V(0y1 ) of the voltage monitoring circuit 84 11. Acurrent 
of 1.35 mA flows as the constant current lf:tot(1) (g), and the optimum element cun-ent of 0.8 mA flows into 
the element (2,1 ). As a result, the desired electron emission of 0.6 mAls obtained. When element (3.1 ), element 
(4.1) and element (5.1). which receive video luminance signals differentfrom 255 of element (1.1) and element 
(2.1), are lit, the method of applying correction feedback is used in the same manner as when the element (2,1) 
is lit 

Ninth Embodin^ent 

(Embodiment of nrujlti functional display apparatus) 

Fig. 49 is a diagram showing an example of a multifunctional display apparatus constructed in such a man- 
ner that Image Information supplied from various image informatton sources, the foremost of whk:h Is a tele- 
vision {TV) broadcast, can be displayed on a display apparatus according to the first through eighth embodi- 
ments. 

Shown in the Figure are a display panel 101. a drive circuit 2101 for the display panel, a display controller 
21 02, a multiplexer 21 03, a decoder 21 04. an input/output interface circuit 21 05, a CPU 21 06. an image forming 
circuit 2107. image-memory interface circuits 2108. 2109 and 2110. an image-input interface circuit 2111. TV- 
signal receiving circuits 2112. 2113. and an input unit 2114. It should be noted that the circuitry of the first 
through eighth embodiments is included in the drive circuit 2101 and display panel 101 of Fig. 49. In a case 
where the display apparatus of this embodiment receives a signal containing both video information and audio 
information as in the manner of a television signal, for example, audio is of course reproduced at the same 
time that video is displayed. However, circuitry and speakers related to the reception, separation, reproduction, 
processing and storage of audio infonmatton not directly related to the features of this invention are not descri- 
bed. 

The functions of the various units will be described In line with the flow of the Image signal. 
First, the TV-signal receiving circuit 2113 receives a TV image signal transmitted using a wireless trans- 
mission system that relies upon radio waves, optical communication through space, etc. The system of the TV 
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Signals received is not particularly limited. Examples of the systems are Ihe NTSC system. PAL system and 
SECAM system, etc. ATV signal comprising a greater number of scanning tines (e.g., a so-called high definition 
TV signal such as one based upon the MUSE system) ts a signal source that Is (deal for exploiting the advan- 
tages of the above-mentioned display panel suited to enlargement of screen area and to an inaease in the 
5 number of pixels. A TV signal received by the TV-signal receiving circuit 2113 Is outputted to the decoder 21 04 J 

The TV-signal receiving circuit 21 12 receives the TV image signal transmitted by a cable transmission sys- 
tem using coaxial cable or optical fibers, etc. As in the case of the TV-signal receiving circuit 2113, the system 
of the received TV signal ts not particularly limited. Further, the TV signal received by this circuit also is out- 
putted to the decoder 2104. The Image-input interface circuit 2111 is a circuit for accepting an image signal 
10 supplied by an image input unit such as a TV camera or image reading scanner. The accepted image signal 
is outputted to the decoder 21 04. 

The innage-memory interface circuit 2110 accepts an image signal that has been stored in a video tape 
recorder iherelnafter abbreviated to VTR) and outputs the accepted Image signal to the decoder 2104. The 
image-memory Interface circuit 2 109 accepts an Image signal that has been stored on a video disk and outputs 
15 the accepted In^ge signal to the decoder 21 04. 

The Image-memory Interface circuit 21 06 accepts an Image signal from a device storing still-picturB data, 
such as a so-called still-picture disk, and outputs the accepted still-picture data to the decoder 2104. The in- 
put/output interface circuit 2105 Is a circuit for connecting the display apparatus and an external computer, 
computer network or output device such as a printer. It is of course possit>ie to input/output image data, char- 
20 acter data and graphic infomiation and. depending upon the case, it is possible to input/output control signals 
and numerical date between the CPU 2106. with which the display apparatus is equipped, and an external 
unit 

The image generating circuit 2107 Is for generating display image data based upon image data and char- 
acter/graphic infomiation entered from the outside via the input/output interface circuit 2105 or based upon 

25 image data character/graphic Information outputted by the CPU 2106. By v^y of example, the circuit Is inter- 
nally provided with a rewritable memory for storing image data or character/graphic Information, a read-only 
memory in which image patterns corresponding to character codes have been stored, and a circuit necessary 
for generating an image, such as a processor for executing image processing. The display image data gener- 
ated by the image generating circuit 2107 is outputted to the decoder 2104. In certain cases, however, it is 

30 possitJie to input/output image data relative to an externa! computer network or printer via an input/output in- 
terface circuit 2105. 

The CPU 2106 mainly controls the operation of the display apparatus and operations relating to the gen- 
eration, selection and editing of display Images. For example, the CPU outputs a control signal to the multi- 
plexer 2103 to suitably select or combine image signals displayed on the display panel. At this time the CPU 

35 generates a control signal for the display panel controller 2102 in conformity with the image signal displayed 
and suitably controls the operation of the display apparatus, such as the frequency of the frame, the scanning 
method (interlaced or nor>-interlaced) and the number of screen scanning lines. Furthermore, the CPU outputs 
inr^age data and character/graphic information directly to the image generating circuit 2107 or accesses the 
external computer or memory via the input/output interface circuit 2105 to enter the image data or charac- 

^ ter/graphic information. It goes without saying that the CPU 2106 may also be used for purposes other than 
these. For example, the CPU may be directly applied to a function for generating and processing information, 
as in the manner of a personal computer or word processor. Alternatively, the CPU may be connected to an 
external computer network via the Input/output Interface circuit 2105, as mentioned above, so as to perform 
an operation such as numerical computation in cooperation with external equipment. 

^ The input unit 2114 Is for allowing the user to enter instructions, programs or data into the CPU 2106. Ex- 

amples are a keyboard and mouse or various other Input devices such as a joystick, bar code reader, voice 
recognition unit, etc The decoder 2104 ts a circuit for reversely converting various image signals, which enter 
from the units 2107-2113, into color signals of the three primary colors or a luminance signal and I. Q signals, 
tt is desired that the decoder 2104 be internally equipped with an image memory, as indicated by the dashed 

so line. This is for the purpose of handling a television signal that requires an image memory when performing 
the reverse conversksn. as in a MUSE system, by way of example. Providing the image memory is advanta- 
geous in that display of a still picture ts facilitated and in that, in cooperation with the image generating circuit 
2107 and CPU 2106, editing and image processing such as thinning out of pbcels. Interpolation, enlargennent 
reduction and synthesis are facilitated. 

55 The multiplexer 2103 suitably selects the display Image based upon a control signal which enters from 

the CPU 2106. More specifically, the multiplexer 21 03 selects a desired image signal from among the reverse- 
ly-converted image signals which enter from the decoder 2104 and outputs the selected signal to the drive 
circuit 2101. In this case, by changing over and selecting the in^age signals within the display time of one 
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screen, one screen can be divided up into a plurality of areas and images which differ depending upon the 
area can be displayed as in the nranner of a so-called split-saeen television. The display panel conlroner2102 
controls the operation of the drive circuit 2101 based upon the control signal which enters from the CPU 2106. 

With regard to the basic operation of the display panel 101. a signal for controlling the operating sequence 
of a driving power supply (not shown) for the display panel 101 Is outputted to the drive circuit 2101. by way 
of example. In relation to the method of driving the display panel 101, a signal for controlling, say. the frame 
frequency or scanning method (interlaced or non-interlaced) is outputted to the drive circuit 2101. Further, 
there is a case in which a control signal relating to adjustment of picture quality, namely luminance of the dis- 
play image, contrast, tone and sharpness, is outputted to the drive circuit 2101. 

The drive circuit 2101 is a dncuit for generating a drive signal applied to the display panel 1 01 and operates 
based upon the image signal which enters from the multiplexer 2103 and the control signal which entere from 
the display panel controller 2102. 

The functions of the various units are as described above. By using the arrangement shown in Rg. 49, 
Image information which enters from a variety of Image infonmatlon sources can be displayed on the display 
panel 101 In the display apparatus of this embodiment Specifically, various image signals, the foremost of 
which is a television broadcast signal, are reversely converted In the decoder 2104. suitably selected In the 
multiplexer 2103 and entered into the drive circuit 2101. On the other hand, the display controller 2102 gen- 
erates a control signal for controlling the operation of the drive circuit 2101 in dependence upon the image 
signal displayed. On the basis of the aforesaid image signal and control signal, the drive circuit 2101 applies 
a drive signal to the display panel 101 . As a result, an image is displayed on the display panel 1201. This series 
of operations is under the overall control of the CPU 2106, 

Further, in the display apparatus of this emtxKliment. the contribution of the image memory incorporated 
within the decoder 2104. the image generating circuit 2107 and CPU 2105 make it possible not only to display 
image information selected from a plurality of items of image information but also to subject the displayed im- 
age infonmatlon to image processing such as enlargement, reduction, rotation, movement, edge emphasis, 
thinning-out, interpolation, color conversion and vertical-horizontal ratio conversion and to image editing such 
as synthesis, erasure, connection, substitution and fitting. Further, though riot particularly touched upon in 
the description of this emtKKJiment, it is permissible to provide a special- purpose circuit for perfomning proc- 
essing and editing with regard also to audio inforn^tion in the same manner as the image processing and image 
editing set forth above. 

Accordingly, the display apparatus of this invention is capable of being provided with various functions in 
a single unit, such as the functions of TV broadcast display equipment, office terminal equipment such as tel- 
evision conference terminal equipment, image editing equipment for handling still pictures and moving pic- 
tures, computer terminal equipment and word processors, games, etc. Thus, the display apparatus has^wide 
application for industrial and private use. 

Fig. 49 merely shows an example of the construction of a multifunctional display apparatus. However, the 
apparatus is not limited to this arrangement For example, circuits relating to functions not necessary for the 
particular purpose of use may be deleted from the structural elements of Fig. 49. Conversely, depending upon 
the purpose of use, structural elements may be additionally provided. For example, in a case where the display 
apparatus is used as a TV telephone, it would be ideal to add a transmitting/receiving circuit inclusive of a tel- 
evision camera, audio microphone, illumination equipment and modem to the structural elements. 

As many apparently widely different embodin^ents of the present invention can be made without departing 
from the spirit and scope thereof. It is to be understood that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended daln^. 



Claims 

1. An electron-beam generating device is characterized by comprising: 

a plurality of cold cathode elements (1002) arrayed in the form of rows and columns on a substrate 
(1001): 

m-numberof row wires (D,j - D^^) and n-number of column wires (Dyi - Dy„) for wiring said plurality 
of cold cathode elements Into a n^trbc; and 

drive signal generating means (8012) for generating signals which drive said plurality of cold cath- 
ode elements one row at a time; 

said drive signal generating means Including: 

current- value determining means (206) for determining a current value, which will be passed 
through each of the n-number of column wires, on the basis of an externally entered electron-beam de- 
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mand value (5000); 

current applying means (207) for passing the current, which has been determined by said current- 
value determining means, through each column wire; and 

voltage applying means (202) for applying a voltage VI to a row wire of a row selected from said 
m-n umber of row wires and applying a voltage V2 to all other row wires (V1 *t V2) 

2. The device according to daim 1. wherein said current-value delenminlng means (206) comprises means 
for outpulling the cunrent value, which has been determined on the basis of the electron-beam demand 
value (5000). as a voltage signal (r<„ - that has been amplitude-modulated or pulse-width modu- 
lated; and 

said cunrent applying means comprises a voltage/current converting drcuit (107). 

3. The device according to claim 2, wherein said voltage/current converting circuit (1 07) includes a transistor 
(303). an operational amplifier (302) and a resistor (304). 

4. The device according to daim 1 , wherein said current-value determining means comprises: 

element-current determining means (4109) for determining an element current, which is to passed 
through a cold cathode element of a selected row (a row to which the voltage VI has been applied), on 
the basis of the externally entered electron-beam demand value (5000) and an output characteristic of 
the cold cathode element, and 

correcting means (4107, 4108) for correcting the element cunrent determined by said electron-ele- 
ment current determining means. 

5. The device according to daim 4. wherein said correcting means indudos leakage-current determining 
means (4108) for determining a leakage cunrent passed through an unselected row (a row to which the 
voltage V2 has been applied); and 

adding means (4107) for adding an output value from said element-current detenmining means 
(4109) and an output value from said leakage-current detemiining means (4108). 

6. The device according to daim 5, wherein said leakage-current determining means indudes; 

means (4102) for applying the voltage V2 to a row wire; and 

cunrent measuring means (4115) for measuring a current which flows into a column wire. 

7. The device according to daim 5, wherein said leakage-current determining means comprises a memory 
(4108) in which leakage currents found in advance by measurement or calculation are stored. 

8. The device according to daim 4, wherein said correcting means includes: 

wiring-potential measuring means (7411) for measuring wiring potential; and 
means (7114) for changing amount of a correction in conformity with result of measurement by said 
wiring-potential measuring means. 

9. The device according to daim 1, wherein image data (5000) is used as the externally entered electron- 
beam demand value. 

10. The device according to daim 1, wherein said cold cathode elements are surface-conduction electron 
emission elements (1002). 

11. An Image forming apparatus is characterized by comprising : 

the electron-beam generating device described in dalms 1 to 10; and 

an image forming member (1008) tor forming an imago by irradiation with an electron beam out- 
putted by said electron-beam generating device. 

12. The image forming apparatus according to daim 11, wherein said image forming member is a phosphor 
{K G. B). 

13. A method of driving an electron-beam generating device having a plurality of cold cathode elements ar- 
rayed in the form of rows and columns on a substrate, nvnumber of row wires and n-number of column 
wires for wiring the plurality of cold cathode elements into a rnatrix. and drive signal generating means 
for generating signals which drive the plurality of cold cathode elements one row at a time, said method 
comprising: 
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a current-value determining step of determining a current value, which will be passed through each 
of the n-numl)er of column wires, on the basis of an externally entered electron-beam demand value; 

a current applying step of passing the current, which has been detenmlned at said current-value 
determining step, through each column wire; and 

a voltage applying step of applying a voltage V1 to a row wire of a row selected from said m-number 
of row wires and applying a voltage V2 to all other row wires. 

14. The method according to claim 13, wherein said current-value detemnlnlng step comprises a step of out- 
putting the current value, which has been detenmlned on the basis of the electron-beam demand value, 
as a voltage signal that has been amplitude-modulated or pulse-width modulated; and 

said current applying step comprises a step of converting a voltage signal to a current signal. 

15. The method according to claim 13, wherein said current-value detenmining step comprises: 

an element-current detenmining step of determining an element current, which is to passed through 
a cold cathode element of a selected row (a row to which the voltage VI has been applied), on the basts 
of the externally entered electron-beam demand value and an output characteristic of the cold cathode 
element; and 

a correcting step of correcting the element current detenmlned at said electron-element cuaent de- 
termining step, 

16. The method according to daim 15, wherein said conrecting step Includes a^eakage-cunrent determining 
step of determining a leakage current passed through an unselected row (a row to which the voltage V2 
has been applied); and 

an adding step of adding an output value from said element-cunnent detenmining means and an out- 
put value obtained at said leakage-cuaent determining step. 

17. The method according to claim 16. wherein said leakage-current determining step includes a current 
measuring step S4001 of measuring current which flows through a column wire when the voltage V2 has 
been applied to a row wire. 

18. The method according to claim 16, wherein said leakage-current detenmining step comprises a step of 
reading data out of a memory in which leakage currents found in advance by measurement or calculation 
are stored. 

a memory in which reactive values found in advance by measurement or calculation are stored, 

19. The method according to claim 15, wherein sakl correcting step includes: 

a wiring-potential measuring step of measuring wiring potential; and 

a step of changing amount of a correction in conformity with result of measurement at said wiring- 
potential measuring step. 

20. The method according to claim 13, wherein image data is used as the externally entered electron-beam 
demand value. 

21. A method of driving an image forming apparatus which Includes the driving method described in claims 
13-19. 



22. An electron-beam generating device comprising an array of cold cathode elenwnts; 

signal lines for matrix addressing said cold cathode elements; and 

means for applying different voltages to signal lines not used to address an addressed cold cathode 
element so as to control the leakage current 

23. An image forming apparatus including an electron-beam generating device according to claim 22. 

24. A method of driving an electron-beam generating device including the steps of: 

matrix addressing an array of cold cathode elements; and 

applying voltages to address lines other than those to a cold cathode element being addressed so 
as to control the leakage current 
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